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Dear Sir: 



This paper responds to the October 5, 2007 Notification of Non-Complaint Appeal Brief 
(37 C.F.R. 41.37) (hereinafter "Notification") in which the Appeal Brief filed February 23, 2007 



was deemed to be defective because: 



After consultation with SPE Gary Nickol and Deputy Chief 
Appeals Administrator Patrick Nolan, it was determined that the 
brief of 2/23/07 is not compliant in view of the improper request to 
the Board to consider claim 246 as depending on appealed claim 
244 when, in fact, claim 246 actually depends from claim 245. 
Furthermore, the conditional indication that claim 246 would be 
amended "at an appropriate time" was also deemed to be improper. 
Finally, it was determined that Appellant should be advised that 
claims 245, 248, 249, 252, 264-267, 272-279, 286, and 287, which 
were indicated as withdrawn from Appeal by Appellant, would 
stand or fall with claims 236, 238, 239, 243, 244, 246, 247, 250, 
251, 253, 257-263, 268-271, and 280-295 on the issue of 
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enablement since they are still officially pending, under 
examination, and rejected for lack of enablement on the same 
grounds as the other pending and examined claims. 

Appellant has considered the above advisement set forth in the Notification. 

In response to the Notification, Appellant has cancelled claims 245, 246, 248, 249, 252, 
264-267, 272,-279, 286, and 287 in an Amendment mailed on October 11, 2007. Entry of such 
Amendment by the Examiner is in order because it conforms with the requirements of 37 CFR 
41.33(b)(1) and 37 CFR 1.116 by cancelling claims and removing issues; and, therefore, it is 
believed to render the concurrently-submitted Amended Appellant's Appeal Brief compliant 
under 37 CFR 41.37. 

Cancellation of the above claims eliminates all issues raised in the advisement in regard 
to the status of the claims on appeal. 

Appellant believes that the Amended Appellant's Appeal Brief eliminates any unintended 
procedural problems present in Appellant's Appeal Brief filed on February 23, 2007. 
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REAL PARTY IN INTEREST 



The real parties in interest in the instant appeal are Assignees, Dental Marketing 
Specialists, Inc., an Arizona corporation, 9377 E. Bell Road, Suite 385 Scottsdale, 
Arizona 85260, and Jerry W. Bains and Salee C. Bains Irrevocable Trust, 9013 Red 
Lawrence Drive, Carefree, Arizona 85377. Subsequent to the assignment recordal for 
the instant application, the address of Dental Marketing Specialists, Inc., changed to 7364 
East Crimson Sky Trail, Scottsdale, Arizona 85262. Also, subsequent to the assignment 
recordal for the instant application, the address of Jerry W. Bains and Salee C. Bains 
Irrevocable Trust, changed to 39096 N. 102 nd Way, Scottsdale, Arizona 85262. 
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RELATED PROCEEDINGS 



There is one appeal proceeding known to Appellant's legal representatives, which 
may be related to, directly affect, or may have a bearing upon the Board's decision in the 
pending appeal. Such appeal proceeding is that taken for co-pending Serial No. 
09/794,456, filed February 27, 2001, in which Appellant's Brief was filed with the Patent 
and Trademark Office on February 8, 2007. There are no related interferences or judicial 
proceedings known to Appellant, Appellants' legal representatives, or Assignee, which 
may be related to, directly affect, be directly affected by, or may have a bearing on the 
Board's decision in the pending appeal. The attached Related Proceedings Appendix 
confirms the above statements. 
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STATUS OF CLAIMS AND CLAIMS UNDER APPEAL 

Claims 1-5 were cancelled in the Preliminary Amendment filed April 17, 2001 . 
Claims 204, 205, and 237 were cancelled in the Amendment filed February 17, 

2004. 

Claims 245, 246, 248, 249, 252, 264-267, 272-279, 286, and 287 were cancelled 
in the Amendment mailed October 11, 2007. Such or similar claims are pending in co- 
pending applications Serial No. 11/605,153, filed November 28, 2006 and Serial No. 
09/794,456, filed February 27, 2001. By cancelling such claims, Appellant has chosen to 
reduce the number of issues for the instant appeal and does not acquiesce to, or in any 
way agree with, the correctness of any rejection of these claims in the prosecution of the 
present application. 

Claims 254-256 were cancelled in the Amendment filed November 21, 2005. 

Claims 6-235 and 240-242 stand withdrawn, by the Examiner, from consideration 
as being directed to a non-elected invention. Claims 204 and 205 were cancelled by 
Appellant and thus were incorrectly identified by the Examiner as being withdrawn. 

In view of the cancellation of the above-identified claims, the correctness of the 
Examiner's Final Rejection of claims 236, 238, 239, 243, 244, 247, 250, 251, 253, 257- 
263, 268-271, and 280-285 under 35 U.S.C. §112, first paragraph, for lack of enablement 
constitutes the sole issues on appeal. 
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STATUS OF AMENDMENTS 



An Amendment cancelling claims 245, 246, 248, 249, 252, 264-267, 272-279, 
286, and 287 was mailed on October 11, 2007. 



SUMMARY OF CLAIMED SUBJECT MATTER 



Appellant's invention is directed to a method of using well-known compositions 
(materials), old and well-known administration techniques for such compositions, and 
equally old and well-known medical apparatus to produce a novel result, i.e., the use of 
growth factors, including a cell (stem cell), such as bone marrow stem cells ("BMC's"), 
to grow a new artery and new cardiac muscle in the heart of a human patient and also to 
growing such new artery and cardiac muscle and repair a dead or damaged portion of a 
heart. Antecedent bases in the specification for various claim elements are included 
below. 

Appellant's novel contribution to the medical art is defined in the broadest scope 
in generic claim 236 on appeal as comprising a method for growing a new portion of a 
human heart by placing a growth factor in the body of a human patient and forming a 
new artery and new cardiac muscle thereby and claims 238 and 239 cause repair of dead 
and damaged portions of the heart with the growth of new arteries and cardiac muscle 
(page 45, lines 17-22; page 46, lines 3-14). A growth factor, as called for by claim 236, 
broadly encompasses compositions and living organisms, which promote the growth of 
soft tissue in the body of a patient (page 20, lines 10-14). Appellant's specification on 
page 21 broadly recites that, "The growth factor can be administered orally, systemically, 
in a carrier, by hypodermic needle... or by any other desired method." Appellant's 
invention specifically describes using patient size, vascularity, simplicity of access, ease 
of exploitation, or any other desired factors in determining the selected area of the patient 
for administrating said growth factor (page 45, lines 1-16). Appellant describes dosages 



-5- 



of growth factors useful for achieving growth of a new artery and achieving heart repair 
as defined in claims 236, 238, and 239 (page 53, lines 13-19; page 56, lines 7-19; and 
page 62, lines 1-10) and describes monitoring heart repair by determining blood flow 
through the new artery by using any readily available commercial device such as 
ultrasound, angiogram, etc. (page 56, lines 20-25). The specification on page 47 
discloses that booster shots of growth factor may be required to repair an organ that is not 
operating at a desired capacity. 

Appellant's elected invention is defined in claim 243, which directly depends 
from claim 236, and specifically limits the growth factor to a subgenus comprising a 
member selected from the group consisting of cells, cellular products, and derivatives of 
cellular products (page 37, lines 19-26 and page 47, line 22 to page 48, line 15). Claims 
244 and 271 further limit the invention by specifying that the growth factor of claims 243 
and 259, respectively, comprises a cell (page 37, lines 19-26). Claims 247, 268, and 269 
directly depend from claims 236, 262, 263, respectively and further limit the method of 
said claims 236, 262, and 263, respectively, by reciting that the growth factor is placed in 
said patient by injection (page 21, line 5; page 45, line 14); and claim 251 depends from 
and further limits the method of claim 236 by requiring the growth factor be placed in 
said patient by a carrier (page 21, lines 3-6). Claim 253 depends from claim 236 and 
requires that the growth factor comprises a gene and a cell (page 46, lines 6-9). Claims 
257, 258, 259, and 260 directly depend from and further limit claims 236, 238, 239, and 
243, respectively, by requiring that the growth factor is locally placed in the human body 
(page 21, lines 4-10 and page 46, lines 3-9). Claims 261, 262, and 263 directly depend 
from and further limit claim 236, 238, and 239, respectively, by requiring that the growth 



-6- 



factor involved in the growth of new arteries and new cardiac muscle (claim 261), the 
repair of dead portions of the heart (claim 262), and the repair of damaged portions of the 
heart (claim 263) comprises living stem cells harvested from bone marrow (page 40 lines 
27 - page 42, line 30). Claims 270 and 271 directly depend from claims 258 and 259, 
respectively and require placing a cell into the heart adjacent a dead (claim 270) or 
damaged (claim 271) portion of the heart causing new arteries and new cardiac muscle to 
be grown and repair of dead (claim 270) and damaged (claim 271) portions of a human 
heart to be repaired (pages 45 and 46). Claims 280, 281, and 282 directly depend from 
claims 236, 238, and 239, respectively and require calculating blood flow through the 
newly grown artery (page 56, lines 20-25). Such calculation provides an indication of 
artery growth. Claims 283, 284, and 285 directly depend from claims 236, 238, and 239, 
respectively, and require observing the newly grown arteries (page 56, lines 20-25). Such 
observation provides a description of artery growth. 
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GROUNDS OF REJECTION FOR REVIEW ON APPEAL 



Appealed claims 236, 238, 239, 243, 244, 247, 250, 251, 253, 257-263, 268-271, 
and 280-285 stand finally rejected under 35 U.S.C. §112, first paragraph, as failing to 
comply with the enablement requirement. 



ARGUMENT 

Rejection of Claims 236, 238, 239, 243, 244, 247, 250, 251, 253, 
257-263, 268-271, and 280-285 Under 35 U.S.C. §112, first paragraph 

As a preliminary matter, Appellant notes that the cancellation of claims 245, 246, 
248, 249, 252, 264-267, 272-279, 286, and 287 renders moot the Final Rejection of 
claims 248, 249, 252, and 274-279 under 35 U.S.C. §112, first paragraph, new matter; the 
Final Rejection of claim 245 under 35 U.S.C. §112, second paragraph, indefinite; and the 
Final Rejection of claims 286 and 287 for double patenting. 

The Examiner finally rejected appealed claims 236, 238, 239, 243, 244, 247, 250, 

251, 253, 257-263, 268-271, and 280-285, "under 35 U.S.C. 112, first paragraph, as 

failing to comply with the enablement requirement." Specifically, the Examiner, on 

pages 7 and 8 of the Final Rejection dated September 22, 2006, states that: 

The claim(s) contains subject matter which was not 
described in the specification in such a way as to enable 
one skilled the art to which it pertains, or with which it is 
most nearly connected, to make and/or use the invention. 

Appellant disagrees that the scope of protection provided by the appealed claims is not 

adequately enabled by the application disclosure. Appellant intends to, and does 

hereinafter, argue the patentability of each claim separately, i.e., the patentability of the 

claims on appeal do not stand or fall together. 

At the outset, Appellant believes that there are three important factors to consider 

when determining whether the instant specification contains a disclosure that would have 

enabled a skilled person in the medical art to make and use the claimed invention. When 

these factors are considered, there can be no doubt that Appellant's specification provides 

an enabling disclosure. The three factors are discussed below. 



First, as pointed out in the Summary of Claimed Subject Matter portion of the 
instant Brief, there is a considerable body of disclosure relating to Appellant's generic 
invention of repairing organs in human patients, including the heart, by forming a new 
cardiac muscle and artery and of elected and non-elected growth factors suitable for 
effecting such repair and formation. In this regard, Appellant's specification provides a 
substantial body of disclosure regarding growing and/or replacing organs and/or forming 
arteries and tissues using well-known growth factors. The specification describes a class 
of growth factors that broadly and specifically includes genes, nucleic acids, a patient's 
own cells, or universal cells, e.g., stem cells, etc., all of which are described to promote 
tissue growth through differentiation and morphogenesis. The Examiner has only 
considered the disclosure regarding enablement as it specifically relates to the elected 
growth factor species, cells. The Examiner's selective reading, which ignores Appellant's 
broad and specific disclosure relating to non-elected growth factor species disclosure, is 
clearly erroneous under relevant case law. When an applicant elects to prosecute a 
species following an election requirement, the Examiner is not permitted to wear blinders 
and focus solely upon the elected species and ignore the scope of enablement provided by 
the specification as a whole. There should be no doubt that the specification taken as a 
whole, when properly read and understood by one skilled in the art, meets the statutory 
requirement for enablement under current law. 

It is clear that the Examiner intended to so erroneously limit her review of the 
application disclosure from the statement at page 6, lines 1-8 of the February 22, 2006, 
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Office Action in co-pending patent application Serial No. 09/794,456, filed February 27, 
2001 that: 

The claims are being examined to the extent that they read 
on the elected invention, administration of cells, and thus 
the generic concept of growth factor is not relevant, 
(emphasis added) 

It is evident that the Examiner also erroneously ignored disclosure related to non- 
elected species, such as genes and proteins, in evaluating enablement. In this regard, for 
example, please see page 10, lines 4-7 and page 12, lines 14-21 of the Final Rejection of 
September 22, 2006. 

Second, the Examiner has not taken issue with the fact that the administration 
techniques and administered materials disclosed by Appellant were individually old and 
well known as of the filing date of the instant patent application. The materials and 
administration techniques disclosed by Appellant were routinely employed in the medical 
art, but not in the claimed combination, at the time the instant application was filed. 
Appellant's contribution to the medical arts resides in the claimed method of treating a 
heart in a human patient by implanting cells in said patient and growing cardiac muscle 
and an artery in said heart. 

Third, the Examiner stated that the level of skill in the art is high. Appellant 
agrees that the skill level is high when it is considered that many years of education, 
training, and experience are required in the medical field. 

Once the above-identified relevant materials and administration techniques set 
forth in Appellant's specification are properly considered in their entirety, Appellant 
believes that there should be no question that one skilled in the medical art is enabled to 
make and use the claimed invention. This conclusion is reinforced, as noted above, by 



the fact that the materials and administration techniques, but not the inventive results, 

were well known when the instant application was filed. MPEP Section 2164 states that 

the purpose of the enablement requirement is to describe the claimed invention in such 

terms to permit one skilled in the art to make and use the invention. Such Section 

cautions that detailed procedures for making and using the invention may not be 

necessary if the description of the invention itself is sufficient to permit those skilled in 

the art to make and use the invention. MPEP Section 2164.01 states that: 

A patent need not teach, and preferably omits, what is well 
known in the art. In re Buchner, 929 F2d. 660, 661, 18 
USPQ 2d 1331, 1332 (Fed. Cir. 1991); Hybritech, Inc. v. 
Monoclonal Antibodies, Inc., 802 F2d. 1367, 1384, 231 
USPQ 81, 94 (Fed. Cir. 1986) cert denied, 480 U.S. 947 
(1987); and Lindemann Maschinenfabrik GMBH v. 
American Hoist and Derrick Co., 730 F2d. 1452, 1463, 221 
USPQ 481, 489 (Fed. Cir. 1984). 

Appellant believes that the above caution is especially relevant to the instant factual 

situation where the Examiner has conceded that there was a high level of skill in the art at 

the time the instant application was filed, coupled with the fact that the Examiner has not 

taken issue with Appellant's position that all the materials, methods, and apparatus 

needed to practice the invention were well known at the time of the invention. Thus, 

Appellant submits that the instant disclosure clearly enables one skilled in the medical 

arts to make and/or use the full scope of the claimed invention without undue 

experimentation because a reasonable consideration of the three above-delineated factors 

and the interaction thereof leads to the inevitable conclusion that the disclosure is 

enabling. 
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The Examiner has the burden to establish and support by convincing objective 
evidence a prima facie case of lack of enablement. For reasons set forth below, 
Appellant believes the Examiner has failed to meet such burden. 

The Board's attention is respectfully directed to page 11 of the Final Rejection, 

where the Examiner concluded: 

Due to the large quantity of experimentation necessary to 
determine how to effectively administer cells to achieve de 
novo formation of cardiac muscle and an artery and thereby 
grow a new portion of a pre-existing heart, the lack of 
direction/guidance presented in the specification regarding 
the same, the absence of working examples directed to the 
same, the complex nature of the invention, the 
contradictory state of the prior art, the unpredictability of 
the effects of an agent on a physiological response, and the 
breadth of the claims which fail to recite limitations 
regarding cell type or dosage or site of delivery, etc., undue 
experimentation would be required of the skilled artisan to 
make and/or use the claimed invention in its full scope 
(emphasis added). 

As plainly evident, the Examiner's conclusion is of a conditional nature, i.e., the 
rejection depends upon the achievement of de novo cardiac muscle and arteries. 
However, neither the specification nor the claims are directed to de novo cardiac muscle 
and arteries. The condition established by the Examiner to measure enablement of the 
claims, i.e., the achievement of de novo cardiac muscle and arteries, is not present in the 
claims; and the rejection must be reversed as not being relevant to the claimed invention. 

Appellant submits that the construction of the appealed claims accorded by the 
Examiner on pages 8 and 1 1 of the Final Rejection of September 22, 2006 as requiring de 
novo cardiac muscle and artery formation is clearly erroneous. The Examiner's statement 
that, "Applicant has defined a new artery as an organ comprising two or more kinds of 
tissue..." is incorrect and misleading (emphasis added). The specification on page 44 
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defines the term "organ" used by Appellant as consisting "of two or more kinds of tissues 
joined into one structure that has a certain task." The Examiner's statement that, 
"Applicant appears to imply that the 'new artery' recited in the claims must be formed de 
novo, and not merely repair, growth or re-direction of an existing artery," is also incorrect 
and misleading. Appellant made no such statement or implication. Appellant's 
specification at pages 45-50 describes that growth factors are utilized to "grow" and for 
"forming" new muscles and arteries and to facilitate differentiation into organs or 
function specific tissues, including muscle tissue and arteries. The specification at pages 
54, 56, and 62 clearly defines the claimed term "new artery," and the scope of the claims 
is legally determined by this disclosure. It is clear from such disclosure what Applellant 
intended the term "new artery" to mean. See Philips v. AWH., Corp. , 03-1269-1286, 
decided July 12, 2005. 

The Examiner, not Appellant, appears to have coined the term "de novo artery" 
and thus becomes its lexicographer. The Examiner has not explained what is 
encompassed by such term nor has she provided any evidence in this record which 
defines or recognizes the scientific relevance of such term. Further, the Examiner has 
failed to point to any language in the claims or description in the subject application 
limiting Appellant's claimed invention to the formation of de novo arteries. The 
Examiner's attempt to support her position by stating at page 8 of the Final Rejection, 
"See the discussion regarding fusion versus formation of new cells," (referring to 
Appellant's February 17, 2004 Amendment) does not clearly identify any alleged 
implication of Appellant that a new artery must be formed de novo. Appellant has 
reviewed the February 17, 2004 Amendment and finds that it used the term "fusion" at 
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pages 42 and 45. Such usage is unrelated to the term de novo arteries, and thus Appellant 
is at a loss as to how to respond to the Examiner's statement. Appellant stands ready to 
respond, via a Reply Brief, to any other portion once it is identified by the Examiner. 
The Examiner has taken Appellant's remarks in the above-mentioned Amendment out of 
context. Appellant's remarks in that response were directed to distinguishing the present 
invention from the Murry et al. (hereinafter "Murry" and of record) reference's 
implantation of skeletal satellite (stem) cells in murine models, which did not result in 
artery growth. Appellant did not explicitly or implicitly argue that the present invention 
distinguishes over Murry by de novo growth of arteries. 

Accordingly, the Examiner's enablement determination is conditional to the 
extent it is bottomed on the specification's failure to provide enablement for the 
achievement of de novo arteries. The Examiner's conditional rejection is patently 
erroneous and, perforce, should be summarily reversed. 

Even though Appellant believes that the Examiner committed reversible error in 
misconstruing the scope of the claims and conditionally rejecting the claimed subject 
matter based on such construction, a full treatment of the Final Rejection as best 
understood follows. 

The first paragraph of the statue requires nothing more than objective enablement, 
and it is of no importance whether such teaching is set forth by use of illustrative 
examples or by broad terminology. As a general matter, an application disclosure, which 
contains a teaching of how to make and use the invention in terms which correspond in 
scope to those used in describing the invention sought to be patented, is considered to be 
in compliance with the enabling requirement of the statue. In re Marzocchu 58 CCPA 
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1069, 439 F.2d 220, 169 USPQ 367, 369-370 (1971). Further, "Section 112 does not 
require that a specification convince persons skilled in the art that the assertions therein 
are correct." [Emphasis added]. In re Robins , 429 F.2d 452, 166 USPQ 552 (CCPA, 
1970). 

When evaluating enablement, it is incumbent upon the Examiner to determine 
what subject matter each claim recites, i.e., the scope of protection sought for each claim. 
The scope of dependent claims are properly determined with respect to 35 U.S.C. §112, 
fourth paragraph. See MPEP Section 2164.08. It is clear that the Examiner's analysis 
did not treat the subject matter of each claim separately or treat the dependent claims 
according to statutory mandate. The only claims that the Examiner addressed regarding 
the specifically claimed subject matter in the Final Rejection were cancelled claims 248, 
249, and 274-277, which specifically recite intraveneous, intraluminal, and angioplasty 
modes of delivery. The appealed claims do not specifically require such cancelled 
subject matter. The Examiner states that the underlying fact at issue is whether or not 
more than routine experimentation would be required to practice the claimed invention 
and addresses this issue by reference to the guidelines established in In re Wands , 858 
F.2d 731, 737, 8 USPQ 2d 1400, 1404 (Fed. Cir. 1988). As evidence in support of her 
non-enablement determination, the Examiner relies on the Strauer et al. (hereinafter 
"Strauer"), Deb et al. (hereinafter "Deb"), and Murry publications (all of record). None of 
these publications specifically teaches injection of stem cells into a human patient and 
growing an artery as called for by claims 268 and 269. 

Initially, Appellant points out that it is evident the Examiner failed to consider the 
disclosure provided by Appellant's specification as a whole in determining compliance 
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with the enablement requirement of the statute. The appropriate factual determination is 
whether the instant specification reasonably teaches one skilled in the art how to make 
and use the claimed subject matter. As demonstrated above, the Examiner erroneously 
restricted the factual determination to the elected species of growth factor and, thusly, 
ignored those portions of the specification describing a broader generic invention and 
also ignored disclosure related to non-elected species. Appellant is entitled to have the 
entire disclosure considered in determining compliance with 35 U.S.C. §112, first 
paragraph. See In re Anderson . 471 F2d. 1237, 176 USPQ 331, (CCPA 1973) and In re 
Johnson and Farnham . 558 F.2d 1008, 194 USPQ 187, 195 (CCPA 1977). Further, it is 
well settled that the test for enablement must take into consideration that which is known 
in the prior art - that a patent should preferably omit that which is well 
known/understood in the particular art to which the claims are directed. See MPEP 
Section 2164.01 and the authorities cited therein. 

Appellant submits that a careful analysis of the Wands factors in light of the 
application disclosure compels a conclusion that undue experimentation would not be 
required to practice the claimed invention. Contrary to the Examiner's assertion, the 
Strauer publication does not disclose any experimental protocol required for practicing 
the invention. Rather, Strauer discloses following protocols that were routinely used in 
the art and employing an off-the-shelf angioplasty balloon catheter, such as, for example, 
a catheter of the type described in Nabel et al, U.S. Patent No. 5,328,470 (of record), for 
transplanting autologous bone marrow mononuclear cells to treat acute myocardial 
infarction (MI) in human patients. The concept of containment to prevent backflow and 
prolong contact time is clearly taught by Nabel et al. Thus, contrary to the Examiner's 
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assertions, it is clear that Strauer did not have to perform any experimentation in order to 
choose an appropriate delivery system or devise a containment system that would prevent 
backflow of cells and thus provide a prolonged time for cell implantation. Appellant's 
specification provides direction and guidance in regard to the well known use in the prior 
art of a containment system for controlling "carry away" and prolonged contact of cells in 
Examples 18 and 19 in regard to injection of cells. It is important to note that claims 247, 
250, 268, and 269 specifically recite injecting cells, and the Examiner has not critically 
reviewed the enablement provided by Appellant's disclosure vis-a-vis the scope of these 
claims. The Examiner has conceded, at page 22 of the Final Rejection, that the 
administration of cells is old in the art. Strauer does not describe using any experimental 
protocol to determine appropriate cell population, i.e., there is no requirement for 
experimentation described by Strauer for determining or using specific bone marrow 
stem cell species. Regarding time of treatment, Strauer does not disclose that 
determining time of treatment required experimentation. Strauer (published in 2002) 
elected to treat patients following five to nine days after suffering an ML Note that a 
later publication of Strauer, the 2005 Strauer publication (of record), discloses treating 
chronic MI in patients that had transmural MI some 27 months earlier. Again, no 
experimentation regarding treatment time was noted. It is evident that the time of 
treatment following an MI is not a critical variable and undue experimentation would not 
be required. To the extent that the Examiner may be relying on Murry's murine models 
to establish that the time of administration is critical, Appellant points out that Strauer 
2005 is the "best evidence" in regard to whether time of treatment in human patients is 
critical. Strauer 2005 teaches that stem cells can be used to successfully treat MI in 
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human patients suffering either acute or chronic disease. Thus, the Examiner's 
conclusion that "great quantities of experimentation" would be required to practice the 
claimed invention is not supported on the record and is fatally flawed. 

The Examiner's contention that, "The specification provides no guidance along 
the lines of the details worked out by Strauer," is misplaced. Firstly, none of the claims 
on appeal require the use of an angioplasty balloon catheter; and, therefore, it is improper 
for the Examiner to look solely to Strauer for guidance. Secondly, application Example 
19 (page 56) describes a detailed regimen for treating a patient with a damaged heart by 
injecting a growth factor for promoting artery growth, which includes mode, dosage, and 
means for evaluating success of treatment. Specifically, Example 19 describes a regimen 
wherein cells are injected slowly over "a five second time period." The application 
disclosure also teaches, on pages 40-42, 47, and 48, utilizing autologous stem cells 
harvested from bone marrow and blood of the patient (self-cell therapy) or from cell 
cultures (allogenic) to grow organs, i.e., arteries, by differentiation and morphogenesis 
(page 48). 

The Examiner states at pages 10 and 13 of the Final Rejection, "The specification 

contains only prophetic Examples," and that, "There are no working examples directed to 

administering stem cells to dead or damaged portions of a heart," but fails to explain how 

this supports a holding of non-enablement and, for good reason, since actual working 

examples are not a requisite for satisfying the enabling requirement of the statute. Actual 

working examples are not required if the invention is disclosed in a manner that one 

skilled in the art would be able to practice it. Section 2164.02 of the MPEP states that: 

Compliance with the enablement requirement of 35 U.S. C. 
1 12, first paragraph, does not turn on whether an example 



- 19- 



is disclosed. An example may be "working" or 
"prophetic." A working example is based on work actually 
performed. A prophetic example describes an embodiment 
of the invention based on predicted results rather than work 
actually conducted or results actually achieved. 

The Examiner's contention on page 10 of the Final Rejection that, "...none of the 
prophetic examples are directed to administration of cells to grow a new artery..." is not 
supported on the record. One skilled in the art reading the specification at page 46, lines 
3-8 would reasonably understand that Appellant disclosed a method comprising seeding, 
e.g., injecting, appropriate cells (stem cells) or other growth factors to promote growth of 
cardiac muscle and blood vessels (arteries) in a damaged portion of a human heart. 
Furthermore, one reasonably skilled in the art would understand from page 47, line 22 
through page 48, line 15 that a patient's own (autologous) stem cells can be used to grow 
function specific tissue, such as muscle and arteries, in vivo through differentiation and 
morphogenesis. Those skilled in the art understand that "morphogenesis" is the 
formation and differentiation of tissues and organs and that an artery is an organ. See 
pages 33 and 48 of the specification. 

Appellants agree with the Examiner that the medical arts in general are complex. 
However, while the physiological reactions involved may be complex, the practice of the 
claimed invention is straightforward. The called-for cells, e.g., stem cells, the methods 
of administering, and the particular apparatus required for administering the cells are old 
and well known in the medical arts. 

The Examiner's statement at page 10 of the Final Rejection that: 

The state of the prior art does not support the 
specification's (and claims') assertion that a new artery can 
be grown. None of the numerous post-filing date 
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publications put on the record by Applicant to support 
enablement of the claimed invention report the de novo 
growth of an artery as defined by Applicant, including 
Strauer 

evinces a misunderstanding of the manner in which the Court applied "the state of the 
art" factor in In re Wands , The Court applied this factor in determining whether all the 
materials and methods needed to practice the Wands invention were known in the art. 
Appellant relies upon the instant specification and not upon any "post-filing date 
publications" to support enablement. As discussed above, Appellant's specification does 
not need to support enablement for de novo growth of arteries because the claims in issue 
do not recite or require such a limitation. Moreover, Applicant never defined a new 
artery as a de novo artery, as erroneously alleged by the Examiner. 

The Examiner admits that the level of skill in the art was high at the time the 
instant application was filed. 

The Examiner states that the claimed invention is unpredictable because of its use 
of physiological agents, citing supporting authority. However, the Examiner does not 
provide any succinct reasoning or evidence as to why one skilled in the art would doubt 
that the asserted scope of objective enablement in Appellant's specification is not in fact 
commensurate with the scope of the claims. The specification provides multiple 
embodiments using multiple well-known species of growth factors for promoting artery 
growth employing multiple well-known administration modes carried out with multiple 
well-known apparatus. 

The Examiner states at page 11, first paragraph, of the Final Rejection that: 

The breadth of the claims is quite large. The elected 
invention is directed to a method of administering any type 
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of cell to an undefined area of a human body to grow new 
cardiac muscle and a new artery (of any type or location) to 
achieve growth of a new portion of a pre-existing heart. 

Firstly, the claims in issue require cells, stem cells, and bone marrow stem cells. 
One of ordinary skill in the art appraised of the specification disclosure would readily 
comprehend the type of cell, i.e., stem cell, required for promoting morphogenesis, e.g., 
artery growth. Secondly, the claims require growing new cardiac muscle and a new 
artery which limits the selected placement area to those locations that result in cardiac 
muscle growth and artery growth in the patient's heart. Regarding the degree of repair, 
Examples 1 8 and 1 9 describe using readily available commercial devices to assess blood 
flow through the new artery and thus determine the degree of success. There is no 
requirement that an applicant's claims set forth the practical limits of operation for the 
invention. One must look to the specification, not the claims, in determining compliance 
with the first paragraph of the statute. It is clear that the Examiner, in determining 
compliance with the enablement requirement of the statute, has ignored the scope of 
enablement provided by the specification as a whole. The Examiner's limited evaluation 
of Appellant's specification constitutes reversible error. See In re Johnson and Farnham , 
supra., and In re Fuetterer , 319 F. 2d 259, 265, 138 USPQ 217, 223 (CCPA 1963), cited 
therein. Moreover, the Examiner's rejection fails to specifically address the inventions of 
claims 270 and 271 requiring placing cells adjacent dead or damaged portions of the 
human patient's heart and the inventions of claims 268 and 269 requiring injecting stem 
cells into a human patient to grow an artery. 

As demonstrated earlier, none of the claims in issue require de novo formation of 
an artery; and thus the Examiner has conditioned the enablement rejection on a lack of 
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enablement regarding the unclaimed and undisclosed formation of de novo arteries. 
Being that the Examiner's stated condition has not been met, the rejection must fail. 

Except for the unidentified "contradictory state of the prior art" and the failure of 
the claims to recite "dosages," the factors listed by the Examiner in the above conclusory 
statement correspond to the Wands factors, which were fully addressed and rebutted 
earlier. Again, the Examiner has provided no evidence to support her conclusion. 
Regarding the alleged "contradictory state of the prior art," the Examiner has failed to 
identify any pre- or post-filing publications presenting evidence in regard to the subject 
matter of the claims on appeal, which contradicts the objective enablement provided by 
the instant application. The references cited by the Examiner on page 13 of the Final 
Rejection to "show the state of the prior art" were specifically directed to the inventions 
defined in cancelled claims 248, 249, and 274-277, which claims are directed to subject 
matter that is not at issue in the present appeal. The Examiner failed to articulate how 
such prior art is relevant to establishing a prima facie case of lack of enablement of the 
subject matter called for by the appealed claims vis-a-vis the objective enablement 
provided by the instant specification. To the extent the Examiner is challenging the 
predictability of Appellant's described cardiac muscle and artery growth, the Perin et al. 
publication (hereinafter "Perin" and of record), which describes implanting BMC's to 
provide heart repair suffices to ally such challenge. Perin provides autopsy proof that 
such heart repair involves both cardiac muscle and artery growth. Regarding "prior art," 
none has been identified or cited by the Examiner against Appellant's claims and for 
good reason. Appellant was the first to disclose and claim a method for treating a human 
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heart by implanting cells, such as stem cells, and growing new cardiac muscle and 
arteries. 

Regarding dosages, it is axiomatic that claims do not have to recite dosage levels 

where dosage levels would be understood by those skilled in the art. As succinctly stated 

in MPEP Section 2164.01(c): 

It is not necessary to specify the dosage or method of use if 
it is known to one skilled in the art that such information 
could be obtained without undue experimentation. If one 
skilled in the art, based on knowledge of compounds 
having similar physiological or biological activity, would 
be able to discern an appropriate dosage or method of use 
without undue experimentation, this would be sufficient to 
satisfy 35 U.S.C. 1 12, first paragraph. 

Prophetic Examples 18, 19, and 36 describe methods for carrying out the 

invention including dosage amounts for promoting artery growth and heart repair. 

Appellant's specification describes new artery growth and heart repair by direct injection 

of growth factor cells in dosage ranging from approximately 6.25 x 10 6 (Example 18 & 

36) to approximately 12.5 x 10 6 (Example 19). Available off-the-shelf cDNA clones 

(nucleic acids) are directly injected into either the cardiac muscle (Example 19) or the 

coronary artery (Example 36). Each example describes repairing a damaged heart by 

forming a new artery which results in increased coronary blood flow. Each example also 

discloses slowly injecting the growth factor to avoid any carry away. Example 18 

discloses that a containment system may be used. While these examples employ nucleic 

acids, one skilled in the art reading the specification, which teaches that cells, i.e., stem 

cells, possess equivalent activity to genes (nucleic acids) and other genetic material, in 

forming a new artery and repairing a dead or damaged portion of a heart, would be able 

to easily extrapolate the number on a weight basis of mononuclear cells required to obtain 
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equivalent results. Note in this regard that Strauer discloses injecting six (6) to seven (7) 
times with 1.5 to 4 x 10 6 cells without disclosing any difference in results over the entire 
dosage range. Therefore, there is no significant clinical difference between Appellant's 
6.25 to 12.5 x 10 6 and Strauer's 9 to 28 x 10 6 dosage ranges. Further, such skilled person 
would understand that intravenous or intraluminal administration routes would generally 
require larger doses than the direct injection route of Examples 18, 19 and 36, and, for 
example, simply doubling the dosage to 12.5 to 25 x 10 6 cells would essentially 
encompass Strauer's entire range. 1 It is clear from Strauer that there is no risk for 
over-dosing, particularly using autologous BMC's, which are contemplated in 
Appellant's specification, cf. In re Bundv , 642 F. 2d 430, 434, 209 USPQ 48, 51-52 
(CCPA 1981). The Examiner has failed to establish why one skilled in the art would not 
be able to extrapolate those examples across the entire scope of the claims. See MPEP 
Section 2164.02. 

The limited evaluation of Appellant's specification performed by the Examiner in 
determining compliance with the enablement requirement of the statute fails to comport 
with current law and constitutes reversible error. In re Johnson and Farnham , supra. That 
the Examiner intended to so limit her review of the application disclosure was clearly 
demonstrated above. 

When properly considered, there should be no doubt that the application's 
disclosure, including the above specifically identified passages, fully enables one skilled 

1 The conversion for dosages of nucleic acids to corresponding dosages of cells was conducted as follows. 
Examples 19 and 36 specified dosages of 500 micrograms (ug) and 250 ug, respectively. The weight of 
nucleic acids of an average cell was considered to equal 40 picograms (pg). The described dosages of 250 
and 500 ug when converted to pg by multiplying by 10 6 equals 250 x 10 6 pg and 500 x 10 6 pg. Since 
nucleic acids of an average cell have an average weight of 40 pg, a conversion is made by dividing 250 x 
10 6 and 500 x 10 6 by 40 to arrive at the equivalent cell dosages, which are 6.25 x IO 6 and 12.5 xlO 6 , 
respectively. 
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in the medical art to make and use the invention. The Board's attention is once again 
respectfully directed to Appellant's specification at page 21 , lines 4-15, where it is 
disclosed that growth factors may be administered by a wide variety of techniques, 
including injection. In addition, the Board's attention is also directed to Appellant's 
specification at page 45, line 1-16, where it is disclosed that arteries may be grown in a 
heart by injecting a gene (non-elected species of growth factor) into muscle at a desired 
site. Moreover, Appellant's specification at page 46, lines 3-7, indicates that seeding 
with cells and/or genes adjacent a dead cardiac muscle grows new arteries. Seeding is a 
generic term that includes injection. Example 19 describes repairing a damaged portion 
of a human patient's heart by slowly injecting (to avoid leakage) a growth factor solution 
into the patient's cardiac muscle adjacent a clogged artery and growing a new artery and 
teaches testing for blood flow through the new artery using available commercial devices. 
Example 36 describes repeating the injection process of Example 18 for growing a new 
coronary artery, and both examples disclose dosages for obtaining the desired artery 
growth. That Examples 19 and 36 describe cDNA clones as growth factor species is not 
important because the specification is replete with disclosure that if cells, such as stem 
cells and more specifically a patient's own stem cells, are implanted/reimplanted 
differentiation and morphogenesis into an organ, i.e., artery, occurs. One reasonably 
skilled in the art appraised of such disclosure would readily be able to predict and 
comprehend that stem cell growth factors are equivalent to cDNA clones in providing the 
desired artery formation. 

It is a fact that the disclosed administration techniques were well established in 
the medical art prior to Appellant's invention and must be considered in any evaluation of 
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enablement. It is also a fact that cells, including stem cells, were well known and 
characterized prior to Appellant's claimed invention. The Board is respectfully requested 
to take Official Notice of the fact that processing bone marrow and peripheral blood for 
recovering mononuclear stem cells was routine in the medical arts prior to Appellant's 
invention. Typically, bone marrow transplant procedures involved removing bone 
marrow from the patient which is filtered, treated, and transplanted immediately or frozen 
and stored for later use. Another established fact — that stem cell banks were created as 
early as the 1950's-indicates that those skilled in the medical art were familiar with 
harvesting, handling, culturing, preserving, separating, and storing, etc. such stem cells. 
The handling and treatment of cells, as well as stem cells, has been long known and 
practiced in the medical art prior to Appellant's filing date. In this regard, see the Trigg 
2002 publication in Pediatric Transplantation entitled, "Milestones in the Development of 
Pediatric Hematopoietic Stem Cell transplantation - 50 Years of Progress" (of record). 
As mentioned in this publication, stem cell handling and preparation techniques have 
been known for decades. The publication provides evidence of the fact that stem cells 
harvested from bone marrow and from blood of patients has long been known and 
isolated as part of national blood bank programs. Further, the Board is referred to three 
publications (all of record); namely: (1) Areman, et al. 1990 publication in Prog. Clin. 
Biol. Res. , entitled, "Automated Isolation of Mononuclear cells using the Fenwal CS3000 
blood cell separator;" (2) Angelini, et al. 1990 publication in Haematologica , entitled, 
"Human bone marrow processing using Cobe 2991 and CS 3000 blood cell separators for 
further ex vivo manipulation;" and (3) Janssen, et al. 1992 publication in J Hematothen 
entitled, "Use of the Terumo SteriCell for the processing of bone marrow and peripheral 
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blood stem cells," which confirm the above-mentioned facts. In addition, the Caplan 
1991 publication in Journal of Orthopaedic Research entitled, "Mesenchymal Stem 
Cells" (of record) reported culturing human bone marrow and isolating mesenchymal 
stem cells for growing bone in murine models. Appellant believes that such evidence 
confirms the fact that cells, including stem cells, were well known and characterized prior 
to Appellant's claimed invention. 

Once the relevant materials and administration techniques set forth in Appellant's 
specification are properly considered in their entirety, Appellant believes that there 
should be no question that one skilled in the medical art is enabled to make and use the 
claimed invention. This conclusion is reinforced by the fact that the materials and 
administration techniques, but not the inventive result, were well known when the instant 
application was filed. 

Appellant submits that the Examiner has apparently failed to comprehend that 
Appellant has used old and routine administration techniques and old materials to achieve 
a remarkable new result, which is repair of dead or damaged heart tissue. Inasmuch as 
the claimed administration techniques and materials were well known to those skilled in 
the art, a person skilled in the medical art would not require an extensive, detailed 
description of such old elements of the invention and thus would be enabled to make and 
use the claimed invention once guided and directed to the administration techniques and 
materials by Appellant's specification. It is noted that the Examiner has not challenged 
the fact that these elements were known as of the filing date of the instant application, 
and for good reason. 
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In summary, Appellant believes that the Examiner's evidence of lack of 
enablement, which comprises the Examiner's erroneous assessment of Strauer and Deb, 
as discussed above, when considered vis-a-vis the evidence of enablement provided by 
Appellant's specification combined with a fair and reasonable reading of Strauer and 
Deb, coupled with Wollert et al. (hereinafter "Wollert" and of record), fails to establish a 
prima facie case of lack of enablement under current law. Note that Wollert is cited as 
evidence that the high pressure technique of Strauer is not necessary, and thus the 
Examiner's contention that the instant disclosure's lack of including the post-filing 
administration technique of Strauer is nonenabling is patently erroneous. It has been 
further demonstrated above that the Examiner's conclusion is not supported by sound, 
objective evidence. Rather, the conclusion is speculative and thereby amounts to no 
more than the Examiner's opinion. Thus, this rejection should be reversed. 

Assuming, arguendo, that the Examiner somehow met the burden of establishing 
a prima facie case of lack of enablement, Appellant believes that any such case has been 
rebutted by the submission of the multiple Declarations of two experts in the field, Dr. 
Richard Heuser and Dr. Andrew E. Lorincz (all of record). Such Declarations are set 
forth in the Evidence Appendix (Items 14-22). The conclusions set forth in the respective 
Declarations establish an objective fact that is highly material to a determination of 
enablement. These two highly skilled medical experts read relevant portions, including 
generic and non-elected species portions, and reached the determination that one skilled 
in the medical arts, armed with the knowledge in the disclosures, would be enabled to 
practice the claimed method and to predictably anticipate the results defined therein 
without need for resorting to undue experimentation. See paragraphs 5-7 of the Third 
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Supplemental Declaration of Dr. Lorincz and paragraphs 5-7 of the Fourth Supplemental 
Declaration of Dr. Heuser. 

The Examiner attempted to diminish the weight to be accorded to such 
Declarations by essentially rearguing that more than routine experimentation would be 
required. Moreover, the Examiner's arguments regarding the Declarations do not appear 
to be directly related to the claims on appeal. Instead, the Examiner's arguments relate to 
subject matter contained in cancelled claims. Other than restating her opinion, the 
Examiner has not met her burden of addressing the probative value of the objective 
evidence in Appellant's Declarations. By failing to articulate adequate reasons to rebut 
the Heuser and Lorincz Declarations, the Examiner "failed to consider the totality of the 
record for the purpose of issuing a final rejection and thus erred as a matter of law." In re 
Alton , 76 F.3d 1168, 37 USPQ2d 1578 (Fed.Cir. 1996). It is trite law that the Examiner 
must consider the probative value of such evidence vis-a-vis any asserted prima facie 
case. See In re Oetiker , at 1445, 24 USPQ 2d at 1444. Inre Keller , 642 F.2d 413, 208 
USPQ 871, (CCPA 1981). In the absence of critical analysis, the Examiner appears to be 
relying solely upon her opinion rather than assessing weight to the objective evidence 
proffered in the Declarations. The Examiner, not being a skilled person in the medical 
art, must give weight to these expert opinions rather than substitute her own opinion. See 
In reNeave , 370 F.2d 961, 152 USPQ 274, (CCPA 1967). 

In the Final Rejection, the Examiner has questioned the presence or absence of 
factual support for the expert opinions. In doing so, the Examiner has erroneously 
implied that the experts relied upon "some publications" in addition to Appellant's 
disclosure in reaching their opinions. A concise reading of the Declarations reveals that 
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the experts relied solely upon the guidance and direction in the application's generic and 
specific disclosures pertaining to the claims coupled with their skills in the medical art in 
rendering their conclusions. Appellant, likewise, relies upon such disclosure. 

As a final point, the Board's attention is again respectfully directed to the In re 
Wands decision, which led to the grant of a patent. The Court found that the Patent and 
Trademark Office's determination of nonenablement was unsupported by the evidence in 
the record. The Court further noted that the skill level in the art was high and that known 
materials were utilized in the practice of the invention in weighing the evidence. The 
instant fact situation is similar to that of In re Wands because the skill level is also high 
and known administration techniques and known materials are also utilized in the 
practice of the invention. In addition to such factual parallelism, Appellant provided 
expert objective evidence in the form of the Declarations of Drs. Heuser and Lorincz. 
These medical experts read portions of the specification setting forth the generic 
invention and elected and non-elected species of such generic invention and determined 
that one skilled in the medical arts, armed with the guidance and direction in the 
specification disclosures, would be enabled to practice the methods defined in the claims 
on appeal and to predictably anticipate the results defined therein without need for 
resorting to undue experimentation. When the guidance and direction provided by 
Appellant's specification disclosure, the level of knowledge and the content of the prior 
at the time of the invention as established in the record and Appellant's declaration 
evidence are interpreted in a reasonable manner, analysis considering the factors in In re 
Wands compels a conclusion that undue experimentation would not be required to 
practice the invention called for in the appealed claims. 
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In view of the foregoing, Appellant urges the Board to reverse the outstanding 
rejection of claims 236, 238, 239, 243, 244, 247, 250, 251, 253, 257-263, 268^271, and 
280-285 under 35 U.S.C. §112, first paragraph, and respectfully requests that the instant 
application be passed to issue. 
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CLAIMS APPENDIX 



Claims 236, 238, 239, 243, 244, 247, 250, 251, 253, 257-263, 268-271, and 280- 
285 are pending in the application, are under final rejection, are being appealed, and are 
listed below. 



Claim 236 A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 

Claim 238 The method of claim 236, further comprising repairing a dead portion 
of said heart. 

Claim 239 The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

Claim 243 The method of claim 236, wherein said growth factor comprises a 
member selected from the group consisting of cells, cellular products, 
and derivatives of cellular products. 

Claim 244 The method of claim 243, wherein said growth factor comprises a cell. 

Claim 247 The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

Claim 250 The method of claim 247, wherein said injection is intramuscular. 
Claim 251 The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 
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Claim 253 The method of claim 236, wherein said growth factor comprises a gene 
and a cell. 

Claim 257 The method of claim 236, wherein said growth factor is locally placed 
in said body. 

Claim 258 The method of claim 238, wherein said growth factor is locally placed 
in said body. 

Claim 259 The method of claim 239, wherein said growth factor is locally placed 
in said body. 

Claim 260 The method of claim 243, wherein said growth factor is locally placed 
in said body. 

Claim 261 The method of claim 236, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 262 The method of claim 238, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 263 The method of claim 239, wherein said growth factor comprises living 

stem cells harvested from bone marrow. 
Claim 268 The method of claim 262, wherein said stem cell is placed in said 

patient by injection. 

Claim 269 The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

Claim 270 The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 
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Claim 271 The method of claim 259, wherein said growth factor comprises a cell 

and said cell is placed adjacent to said damaged portion of said heart. 
Claim 280 The method of claim 236 further comprising calculating blood flow 

through said newly grown artery. 
Claim 281 The method of claim 238 further comprising calculating blood flow 

through said newly grown artery. 
Claim 282 The method of claim 239 further comprising calculating blood flow 

through said newly grown artery. 
Claim 283 The method of claim 236 further comprising observing said newly 

grown artery. 

Claim 284 The method of claim 238 further comprising observing said newly 
grown artery. 

Claim 285 The method of claim 239 further comprising observing said newly 
grown artery. 
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EVIDENCE APPENDIX 



1. Office Action dated February 22, 2006 (page 6, lines 1-8) in co-pending 
application Serial No. 09/794,456 filed February 27, 2001. 

2. Strauer et al. publication in Circulation entitled, "Repair of Infarcted 
Myocardium by Autologous Intracoronary Mononuclear Bone Marrow Cell 
Transplanattion in Humans" cited by Applicant as Exhibit E in Declaration of 
Dr. Richard Heuser filed June 17, 2003 (in connection with concurrently-filed 
Amendment). 

3. Deb et al. publication in Circulation entitled, "Bone Marrow-Derived 
Cardiomyocytes Are Present in Adult Human Heart" cited by Applicant as 
Exhibit II in the Amendment filed February 17, 2004. 

4. Murry et al. 1996 publication in J. Clin. Invest, entitled, "Skeletal Myoblast 
Transplantation for Repair of Myocardial Necrosis" cited by the Examiner in 
the November 28, 2003 Office Action. 

5. Nabel et al. U.S. Patent No. 5,328,470 cited by the Examiner in the November 
28, 2003 Office Action. 

6. Strauer et al. 2005 publication in Circulation entitled, "Regeneration of 
Human Infarcted Heart Muscle by Intracoronary Autologous Bone Marrow 
Cell Transplantation in Chronic Coronary Artery Disease" cited by Applicant 
as Exhibit D in the Amendment filed November 21, 2005. 

7. Perin et al. 2005 publication in Circulation entitled, "Transendocardial, 
Autologous Bone Marrow Mononuclear Cell Injection in Ischemic Heart 
Failure" cited by Applicant as Exhibit E in the Amendment filed November 
21,2005. 

8. Trigg 2002 publication in Pediatric Transplantation entitled, "Milestones in 
the Development of Pediatric Hematopoietic Stem Cell transplantation - 50 
Years of Progress" cited by Appellant as Reference AO in the 3 rd 
Supplemental Information Disclosure Statement filed July 30, 2004. 

9. Areman et al. 1990 publication in Prog. Clin. Biol. Res. , entitled "Automated 
Isolation of Mononuclear cells using the Fenwal CS3000 blood cell separator" 
(as found on the website www.ncbi.nlm.nih.gov ) cited by Appellant as Exhibit 
F to Appellant's Appeal Brief filed June 13, 2005. 
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10. Angelini et al. 1990 publication in Haematologica , entitled, "Human bone 
marrow processing using Cobe 2991 and CS 3000 blood cell separators for 
further ex vivo manipulation" (as found on the website www.ncbi.nlm.nih.gov) 
cited by Appellant as Exhibit G to Appellant's Appeal Brief filed June 13, 
2005. 

11. Janssen et al. 1992 publication in J Hematother , entitled, "Use of the Terumo 
SteriCell for the processing of bone marrow and peripheral blood stem cells" 
(as found on the website www.ncbi.nlm.nih.gov ) cited by Appellant as Exhibit 
H to Appellant's Appeal Brief filed June 13, 2005. 

12. Caplan 1991 publication in Journal of Orthopaedic Research , entitled, 
"Mesenchymal Stem Cells" cited by Applicant as Exhibit E in the 
Amendment filed June 26, 2006. 

13. Wollert 2004 publication in The Lancet entitled, "Intracoronary autologous 
bone-marrow cell transfer after myocardial infarction: the BOOST 
randomized controlled clinical trial" cited by Applicant as Reference AP in 
the 3 rd Supplemental Information Disclosure Statement filed July 30, 2004. 

14. Declaration of Dr. Richard Heuser filed on June 17, 2003. 

15. Supplemental Declaration of Dr. Heuser filed on February 17, 2004. 

16. 2 nd Supplemental Declaration of Dr. Heuser filed on dated July 30, 2004. 

17. 3 rd Supplemental Declaration of Dr. Heuser cited by Appellant as Exhibit I in 
the Appeal Brief filed June 13, 2005. 

18. 4 th Supplemental Declaration of Dr. Heuser cited by Applicant as Exhibit A in 
the Amendment dated June 26, 2006. 

19. Declaration of Dr. Andrew E. Lorincz filed on June 17, 2003. 

20. Supplemental Declaration of Dr. Andrew E. Lorincz filed on February 17, 
2004. 

21. 2 nd Supplemental Declaration of Dr. Andrew E. Lorincz filed on July 30, 
2004. 

22. 3 rd Supplemental Declaration of Dr. Andrew E. Lorincz cited by Applicant as 
Exhibit B in the Amendment dated June 26, 2006. 
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RELATED PROCEEDINGS APPENDIX 



Appeal related to Serial No. 09/794,456, filed February 27, 2001, 
Appellant's Brief filed February 8, 2007. 
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DETAILED ACTION 
Status of Application, Amendments, And/Or Claims 

A request for continued examination under 37 CFR 1.114 was filed in this 
application after appeal to the Board of Patent Appeals and Interferences, but 
prior to a decision on the appeal. Since this application is eligible for continued 
examination under 37 CFR 1 .1 14 and the fee set forth in 37 CFR 1 .17(e) has 
been timely paid, the appeal has been withdrawn pursuant to 37 CFR 1 .1 14 and 
prosecution in this application has been reopened pursuant to 37 CFR 1 .114. 
Applicant's submission filed on 21 November 2005 has been entered. 

Claims 1-6 are canceled. Claims 10-12 and 22-24 remain withdrawn from 
consideration as being directed to non-elected invention, for reasons of record. 
Claims 7, 1 1-21, and 25-40 are under examination. 

The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

Withdrawn Objections And/Or Rejections 

The rejection of claims 7, 11-15, 18, 19, 21, 25-29, 32, and 33 as 
unpatentable over Murry et al. is withdrawn upon further consideration. 

The rejection of claims 20 and 34 as unpatentable over Murry et al. in view 
of Nabel et al. is withdrawn upon further consideration. 
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35 U.S.C. § 112, First Paragraph - New Matter 

Claims 16, 17, 20, 30, 31, and 34 remain rejected under 35 U.S.C. 112, 
first paragraph, as failing to comply with the written description requirement. The 
claim(s) contains subject matter which was not described in the specification in 
such a way as to reasonably convey to one skilled in the relevant art that the 
inventor(s), at the time the application was fiied, had possession of the claimed 
invention. The basis for this rejection is of record. 

Applicant's arguments (pp. 11-13, amendment received 21 November 
2005) have been fully considered but are not found to be persuasive for the 
following reasons. 

As an initial matter, it is noted that Applicant incorrectly characterizes the 
instant rejection as an enablement rejection. The instant rejection is, and always 
has been, based on the written description component of 35 U.S.C. § 1 12, first 
paragraph, and not enablement. See p. 4 of the Office Action mailed 28 
November 2003; p. 3 of the Office Action mailed 01 June 2004, and p. 2 of the 
Advisory Action mailed 26 November 2004. Applicant is reminded that Vas-Cath 
Inc. v. Mahurkar, 19USPQ2d 1111 (CAFC 1991) makes clear that the written 
description provision of 35 U.S.C. §1 12 is severable from its enablement 
provision (see page 1115). 

Applicant points to p. 45 of the specification as describing injecting growth 
factors into a patient intravenously, intraluminally, or intramuscularly to promote 
growth of an artery, and applying genes or other genetic material with an 
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angioplasty balloon. This is not found to be persuasive because page 45, lines 
13-16, of the specification reads as follows: 

"VEGF proteins can be made in a lab and injected into a patient 
intravenously, intraluminally or intramuscularly to promote the growth of a new 
artery. Or, the genes (or other genetic material) can be applied with an 
angioplasty balloon, with the assistance of a vector, or by any other method " 
(emphases added) 

Clearly, this section of the specification is limited to use of proteins or 

nucleic acids (genes or genetic material). Regarding "intravenous" and 

"intraluminal" delivery, this section of the specification is limited to the suggestion 

of administering a protein. Nowhere else in the specification is it suggested that 

cells should be administered intravenously or intraluminally. Regarding 

angioplasty delivery, the second sentence quoted above is limited to the 

suggestion of administering genes or other genetic material by angioplasty 

balloon. The specification defines "growth factors" as comprising cells, but does 

not define "genetic material" as comprising cells. For example, p. 31 , lines 11- 

13, of the specification states "...the genetic material comprises comparable 

artificially produced genes, or genes harvested from other human beings or 

animals." Page 32, lines 8-9 state "genetic material can comprise comparable 

artificially produced genes or genes removed from another animal or otherwise 

generated." Page 35, line 4 clearly distinguished between growth factors 

(defined as encompassing cells) and genetic material: "genetic material plus 

growth factor(s) are implanted..." Page 35, lines 12-14 states "Genetic material 

is well conserved in nature. The Drosophila eyeless gene (ey), the mouse small 

ey gene (pax-6), and the Aniridia gene in humans are all homologous." Page 36, 
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lines 25-26 state "Genes control structure and function. A gene or a bit of 
genetic material may act as a master control gene..." Clearly, the specification 
uses "genetic material" as pertaining to nucleic acids such as genes. It is also 
noted that one skilled in the art would only interpret "assistance of a vector," 
recited in the same sentence that uses "genetic material," as only applying to 
nucleic acids (genes or RNA or cDNA, etc.). 

Applicant points tnP.a pnn v. Esh harv. Dudas. 03-1480-1481 (CAFC 
2005) as controlling precedent that 112 does not require recitation in the 
specification of features already known by workers in the technological field to 
which the invention is directed. Applicant urges that the examiner mistakenly 
posited that generic inventions involving biochemical processes require a higher 
threshold for compliance with 112 because of a perception that success is not 
assured. Applicant argues that the Court in Capon observed that the USPTO 
must determine the sufficiency of support on a case-by-case basis given the 
state of the art at the time of the invention and in light of evidence of record. 
Applicant argues that the examiner has failed to address the generic concept that 
Applicant described - the concept of selecting a growth factor (herein the elected 
subgenus cells) and administering same into the body of a human patient using 
conventional methods and apparatus to achieve the goals of the claims. This is 
not found to be persuasive because the instant fact pattern is distinct from that in 
the case law cited by Applicant. Canon v. Eshhar. 76 USPQ2d 1078 (CAFC 
2005) concerns whether or not claims to chimeric DNA molecules are adequately 
described by a generic description. The issue concerned written description of 
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products, not method steps. The issue here is not whether or not workers in this 

technology already knew the features of the cells recited in the claims; rather, the 

issue is that the instant specification did not set forth contemplation of a method 

step wherein cells were administered intravenously, intraluminally, or via 

angioplasty. As discussed in the previous paragraph, the instant specification did 

not set forth contemplation of such method steps. The claims are being 

examined to the extent they read on the elected invention, administration of cells, 

and thus the generic concept of growth factor is not relevant. Furthermore, 

MPEP§ 2163.02 reads: 

"An Applicant shows possession of the claimed invention by describing the 
claimed invention with all of its limitations using such descriptive means as 
words, structures, figures, diagrams, and formulas that fully set forth the claimed 
invention. See Lockwood v. American Airlines. Inc. . 107 F.3d 1565, 1572, 41 
USPQ2d 1961, 1966 (Fed. Cir. 1997). Possession may be shown in a variety of 
ways including description of an actual reduction to practice, or by showing that 
the invention was "ready for patenting" such as by the disclosure of drawings or 
structural chemical formulas that show that the invention was complete, or by 
describing distinguishing identifying characteristics sufficient to show that the 
applicant was in possession of the claimed invention." 

In the instant case, none of these criteria have been met. There was no 

reduction to practice, and the specification only refers to method steps involving 

proteins, genes and "genetic material," but not cells, as being useful in 

intravenous, intraluminal and angioplasty delivery. Therefore, the rejection is 

maintained. 



35 U.S.C. § 112, First Paragraph - Enablement 
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Claims 7, 1 1-21 , and 25-40 are rejected under 35 U.S.C. 112, first 
paragraph, as failing to comply with the enablement requirement. The claim(s) 
contains subject matter which was not described in the specification in such a 
way as to enable one skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and/or use the invention. The basis of this rejection is 
set forth at pp. 4-20 AND 29-41 of the Advisory Action mailed 26 November 
2004, as well as at pp. 5-17 AND 24-28 of the Final Office Action mailed 01 June 
2004. 

Applicant's arguments (pp. 12-14, amendment received 21 November 
2005) have been fully considered but are not found to be persuasive for the 
following reasons. 

Applicant argues that evidence has been submitted to support enablement 
of the methods claimed in claims 16, 17, 30, and 31 . Applicant points to Strauer 
2002 and Strauer 2005 as repotting successful heart repair. Applicant indicates 
that there can be no "timing issue" that would require more than routine 
experimentation. This has been fully considered but is not found to be 
persuasive. Strauer (2002, Circulation 106:913, 1918) disclose balloon catheter 
injection of bone marrow cells to repair a dead portion of a heart. Claims 16, 17, 
30, and 31 pertain to intravenous and intraluminal injection only, and thus Strauer 
is not particularly relevant. Although balloon catheter administration can be 
considered a species of the genus of intraluminal delivery methods, it is not 
commensurate in scope with the claims which read on delivery to the lumen of 
arteries, veins, intestines, heart chambers, lung, peritoneum, etc. Furthermore, 
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Strauer's balloon catheter administration involved infusion of the cells by high- 
pressure injection directly into the necrotic area, to avoid the "wash-away" effect 
of standard intraluminal administration (Strauer, p. 1917, third paragraph of left 
column). It is noted that the specification as originally filed provides no guidance 
regarding high-pressure injection. Thus the post-filing date publication of Strauer 
cannot be relied upon to support enablement of the claims, as it uses methods 
which were not disclosed in the specification as originally filed. Additionally, 
Strauer specifically points out the shortcomings of intravenous administration of 
cells for heart therapy at p. 1917, second paragraph of the left column, where 
they state that "only a very small fraction of infused cells can reach the infarct 
region," "intravenous application would require many circulation passages to 
enable infused cells to come into contact with the infarct-related artery," and 
"homing of cells to other organs could considerably reduce the numbers of cells 
dedicated to cell repair in the infracted zone." Thus, Strauer specifically provides 
evidence of non-enablement of the instant claims reciting intravenous 
administration of cells. "Strauer 2005" was not attached to the amendment. 
However, it was cited in a related application, and thus is made of record on the 
accompanying Notice of References cited. Strauer et al. (2005, J. Am. Coll. 
Cardiol. 46:1651-1658) used the same procedure as that in Strauer 2002, and 
thus also does not support enablement of claims 16, 17, 30, and 31 for the same 
reasons as discussed regarding Strauer 2002. 

Regarding claims 7, 11-15, 18-21, 25-29, and 32-34, Applicant argues that 
the rejection must fail considering the totality of the evidence. Applicant urges 
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that the specification describes standard systems of identification as well as 
known procedures for selecting and isolating known cells (bone marrow stem 
cells) and known apparatus and methods for administering such cells to achieve 
the desired therapeutic result. Applicant indicates that specification describes 
specific materials and administration routes. This has been fully considered but 
is not found to be persuasive. Applicant does not point to any specific section of 
the specification as supporting these statements. The previous Office Actions 
have reviewed the specification's teachings and found that they do not provide 
enablement for the instant claims. 

Applicant argues that the examiner has failed to consider the generic 
concept of selecting well-known appropriate cells and administering such cells 
using well-known methods and apparatus to grow muscles and arteries in a 
human patient's heart that do not occur in nature. Applicant urges that the 
examiner has failed to cite any evidence in the record showing this concept in the 
prior art. This has been considered but is not found to be persuasive in that it is 
a confusing argument. Is Applicant admitting that the claimed methods were so 
well known in the prior art that the specification need not have disclosed anything 
in addition to the prior art? Also, if the examiner had found evidence that the 
concept occurred in the prior art, then no enablement rejection would have been 
made. However, additional prior art rejections under 35 U.S.C. §§ 102 and 103 
may have been made. Finally, 35 U.S.C. § 1 12, first paragraph, requires that the 
specification set forth what Applicant contemplates as the invention and provide 
sufficient disclosure so that the skilled artisan can make and use the claimed 
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invention without undue experimentation. It is improper to pick and choose 
among unconnected sections of a specification in an attempt to capture another 
research group's post-filing date discoveries. 

Finally, Applicant points to the Perin et al. trials as evidence that nothing 
more than routine experimentation was required to carry out the technique. 
Applicant characterizes Perin et al. as following Applicant's basic regimen. This 
has been fully considered but is not found to be persuasive. The Perin et al. 
evidence has already been considered. Perin refers to "transendocardial" 
injections of cells and "intramyocardial" injections of cells, both of which appear 
to be intramuscular forms of administration. Thus, Perin also cannot be used to 
support enablement of the rejected claims which recite intravenous or 
intraluminal administration of cells. Furthermore, the Perin et al. evidence 
submitted by Applicant is merely an Abstract which does not set forth any 
experimental details such that it can be ascertained whether or not Perin et al. 
used the same approach as that set forth in the claims corresponding to the 
same scope, or whether or not methods or materials other than those 
contemplated by Applicant were used. In other words, it cannot be ascertained 
whether or not Perin et al. constitutes evidence commensurate in scope with the 
claims. 

Applicant submitted an article in an IDS dated 09 January 2006 
(McDougall, 2005, Men's Health, pp. 164-171 and 194) to support enablement of 
the claimed invention. The reported information is based on an interview with Dr. 
Perin regarding his stem cell therapy approach for treating heart disease. 
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Applicant quotes form the article that "it's like Miracle-Gro for your heart." 
Applicant characterizes the article as describing the procedure of injecting 
autologous bone marrow stem cells by catheter into the patient's heart as 
"astonishingly easy." Applicant argues that this submission is consistent with the 
expert evidence proffered by Drs. Heuser and Lorincz and supports Applicant's 
arguments that one skilled in the medical arts would have to resort to nothing 
more than routine experimentation to practice the described and claimed 
invention. Applicant urges that such submission further evinces the 
novel/pioneering nature of applicant's invention which uses old materials, old 
apparatus and old and well known methods to achieve a truly novel and 
miraculous result. This has been fully considered but is not found to be 
persuasive. The article submitted by Applicant is from "Men's Health" magazine, 
which is written for lay people, not those of ordinary skill in the art. Thus, any 
statements in the article regarding the ease or simplicity of the procedure are 
misleading. They may appear simple to the patient receiving the therapy; 
however, this has no bearing on how much research was involved in developing 
the techniques used. The research referred to in the article was that of Dr. Perin. 
So far, only a lay person's magazine article and an abstract have been submitted 
regarding Dr. Perin's trials. Such do not set forth the details relevant to the 
question of whether or not Dr. Perin's work supports enablement of the instant 
invention. 

In view of the preponderance of the totality of the evidence, the 
enablement rejection is properly maintained. 
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35 U.S.C. § 112, Second Paragraph 

Claims 13 and 27 remain rejected under 35 U.S.C. 112, second 
paragraph, as being indefinite for failing to particularly point out and distinctly 
claim the subject matter which applicant regards as the invention. The basis of 
this rejection is of record. 

Applicant's arguments (pp. 7-1 1 of the amendment received 21 November 
2005) have been fully considered but are not found to be persuasive for the 
following reasons. 

Applicant reviews the recent finding in Phillips v. AWH Corporation (75 
USPQ2d 1 321 ) that claims are generally given their ordinary and customary 
meaning in the art, and that claims should be read in the context of the 
disclosure. Applicant argues that Phillips states that extrinsic evidence is less 
significant than the intrinsic record. Applicant points to the finding in Phillips that 
dictionary evidence can be useful, but such evidence is less reliable than 
specifications and prosecution histories. Applicant argues that the examiner 
should interpret the words "multifactorial and non-specific" in light of the 
specification, giving the words their ordinary meaning. Applicant argues that the 
examiner's interpretation is based on non-contextual sources places the terms 
out of context and do not enjoy the same weight of evidence as the specification. 
This has been fully considered but is not found to be persuasive. The examiner 
takes no issue with the general principles discussed in Phillips . The specification 
was the first place consulted by the examiner to breathe life and meaning into the 
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term "multifactorial and non-specific" as applied to cells. As explained previously 
on the record, neither the specification nor the art provides an unambiguous 
definition for the term. Page 37 of the specification states, "Multifactorial and 
nonspecific cells (such as stem cells and germinal cells) can provide the 
necessary in vivo and in vitro cascade of genetic material once an implanted 
master control gene's transcription has been activated." The use of "such as" 
clearly implies that the term "multifactorial and non-specific cells" is intended to 
encompass cells other than stem cells and germinal cells. However, neither the 
specification nor the art disclose what these other cells are. In the absence of 
this information, the skilled artisan cannot determine the metes and bounds of 
the claims at issue. The functional portion of the definition, "...provide[s] the 
necessary in vivo and in vitro cascade of genetic material ..." makes no sense. 
What is a cascade of genetic material? Thus, the specification does not define 
these terms, and the metes and bounds of the claimed invention cannot be 
determined. A search of the prior art indicated that the relevant art also does not 
use the terms "multifactorial and non-specific" in connection with cells. See 
Appendix A, submitted as evidence, regarding a search done in the database 
Medline. The first result uses "multifactorial" to describe diseases. The second 
result uses "multifactorial" to describe a process. The third result uses 
"multifactorial" to describe a process. The fourth result uses "multifactorial" to 
describe analyses. The fifth result uses "multifactorial" to describe a process. The 
sixth result uses "multifactorial" to describe a study. Each of these usages is 
consistent with the examiner's position that the term "multifactorial," given its 
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ordinary and customary usage in the art, is used to describe causes, effects and 
processes, not cells. 

Applicant argues that the examiner's position is supported by a lack of 
search results regarding the terms followed by a series of suppositions and 
speculations regarding the meaning of the terms. Applicant characterizes the 
examiner's position as amounting to nothing more than opinion due to lack of 
evidence. Applicant indicates that while a chemist may interpret "multifactorial" 
to be limited to describing a process, one in the medical arts would not. 
Applicant urges that the term "factor" is well known in the medical art, and that 
"multifactorial" would be understood by one in the medical art to mean more than 
one factor. This has been fully considered but is not found to be persuasive. 
The rejection is supported by evidence. See discussion of the specification and 
attached search results. Applicant has provided no evidence that chemists and 
medical artisans would interpret "multifactorial" in different ways. Finally, 
Applicant's definition of 'multifactorial" as meaning "more than one factor" makes 
no sense when applied to cells. What is a "more than one factor cell?" 

Applicant refers to the fifth supplemental IDS as providing definitions. 
Applicant argues that the definitions are confirming evidence that the disputed 
terms are known and used properly in the specification, and that the IDS 
identifies the terms as adjectives. This has been fully considered but is not found 
to be persuasive. Regarding the dictionary definitions provided by the fifth 
supplemental IDS, the dictionary.net's definition of multifactorial is "involving or 
depending on several factors or causes (especially pertaining to a condition or 
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disease resulting from the interaction of many genes)." This supports the 

rejection in that the term "multifactorial" is not used to describe cells. It is used to 

describe a cause (for example, of the disease) or an effect (for example, of the 

genes). Similarly, the dictionary, net's definition of nonspecific is "not caused by a 

specific agent; used also of staining in making microscope slides; 'nonspecific 

enteritis"' supports the rejection. "Nonspecific" is not used to describe cells. How 

can cells be "not caused by a specific agent?" The definition uses the term to 

describe causes (i.e., nonspecific enteritis is a disease caused by undefined 

factors). The selection of thesaurus words quoted by Appellant ("...undestined, 

undetermined, undifferentiated...") is also problematic. Cells can be in various 

stages of differentiation. For example, an embryonic stem cell would clearly be 

completely undifferentiated, as it can differentiate into any cell type. However, a 

promyelocyte is "undifferentiated" to an extent in that it can differentiate into a 

basophil, eosinophil, or neutrophil, whereas it cannot differentiate into any other 

cell type (e.g., keratinocytes, neural cells, muscle cells). The instant specification 

does not clarify whether such intermediate cells are encompassed by the term 

"multifactorial and non-specific." 

Applicant provides definitions from Merriam Webster's Medline Plus 

Medical Dictionary, namely: 

Factor: (noun) a substance that functions in or promotes the 
function of a particular physiological process or bodily system. 
Multifactorial: (adjective) having, involving, or produced by a 
variety of elements or causes. 
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Applicant argues that "factor" means a substance such as a cell that promotes a 
particular physiological process, such as growth of an artery. Applicant argues 
that "multifactorial" is used to denote the quality of a cell when a variety of 
elements (factors) promote the growth of an artery. This has been fully 
considered but is not found to be persuasive. Applicant's definitions support the 
rejection. Applicant equates "factor" with "cell." Thus, substituting "cells" for 
"factors" in Applicant's second sentence, "multifactorial" is used to denote the 
quality of a cell when a variety of elements [cells] promote the growth of an 
artery. This simply makes no sense. Regarding the Merriam Webster's Medline 
Plus Medical Dictionary definition of multifactorial, what types of cells have, 
involve, or are produced by a variety of elements or causes? 

Applicant argues that the terms were understood by those skilled in the art, 
pointing to the second supplemental declarations of Drs. Heuser and Lorincz. 
The second supplemental declarations of Drs. Heuser and Lorincz submitted 
under 37 CFR 1 .1 32 are insufficient to overcome the rejection of claims 13 and 
27 based upon 35 U.S.C. § 1 12, second paragraph because, although the 
declarations use the term "multifactorial and non-specific cells," they do not 
explain what cells are encompassed by the term. See section 7 of each of the 
Heuser and Lorincz second supplemental declarations. In view of the totality of 
the evidence of record, which includes the specification, prior art of record, and 
declarations submitted under 37 CFR 1.132, an unambiguous definition of the 
term "multifactorial and non-specific cells" has not been provided. 
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Applicant points to the two Strauer et al. publications. Specifically, 
Applicant points to p. 1656 of Strauer 2003 as stating that cardiac lesions are 
multifactorial. This has been fully considered but is not found to be persuasive 
because it supports the instant rejection. Strauer et al. 2003 was not attached to 
the response ; however, as it was cited in a related application, it has been cited 
on a Notice of References Cited and attached to this Office Action. Strauer et al. 
(2003, Circulation 107:929) uses the term "multifactorial" to describe a disease, 
not cells. 

Applicant points to Strauer 2005 as stating that the regenerative potential 
of bone marrow derived stem cells may be explained by any of four mechanisms, 
and that "mechanisms" are further referred to as "factors." Applicant argues that 
the cells can be described as four-factor cells, i.e., multifactorial/ Applicant 
concludes that the totality of the evidence indicates that the rejection should be 
withdrawn. Applicant also argues that "non-specific" is synonymous with "non- 
specialized." This has been fully considered but is not found to be persuasive. 
Strauer 2005 uses "four mechanisms" to describe "regenerative potential," not 
the cells per se. Even if Strauer 2005 could be tortuously construed as 
describing bone marrow stem cells as multifactorial, Strauer 2005 only discusses 
bone marrow stem cells. The specification already indicates that stem cells are 
exemplary of "multifactorial and non-specific" cells. The issue is what cells other 
than stem cells and germinal cells can be considered multifactorial and non- 
specific, given that the art does not apply these terms to cells. 
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In view of the preponderance of the totality of the evidence, the rejection is 
maintained. 



Conclusion 

No claims are allowed. 
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Diseases that affect the limbal %%%stem%%% %%%cells%%% are 
%%%multifactorial%%% and present with different stages of severity. The 
most important features to be considered in evaluating these patients 
include the degree of limbal %%%stem%%% cell loss, the extent of 
conjunctival disease, and the presence and etiology of ocular surface 
inflammation. Other important factors are tear film and eyelid 
abnormalities, keratinization of the ocular surface, laterality of the 
disease process, health and age of the patient. Careful consideration of 
all of these factors help tremendously in tailoring the most suitable 
method of treatment for each patient. The management of severe ocular 
surface disease has benefited from numerous advances in recent years. At 
one time, available techniques for visual rehabilitation consisted of 
superficial keratectomy, use of artificial tears, tarsorraphy as well as 
lamellar and penetrating keratoplasty. A lamellar or penetrating 
keratoplasty procedure resulted in a stable surface only for as long as the 
donor epithelium was present and once the epithelium sloughed off, the 
ocular surface failed due to conjunctivalization. The last few decades 
enjoyed the development and, especially, progress of new ocular surface 
reconstruction techniques such as amniotic membrane transplantation, limbal 
%%%stem%%% cell transplant procedures, transplantation of cultivated oral 
mucosal or limbal %%%stem%%% cell sheets. This review will briefly focus on 
the indications and methodology of each procedure and the currently 
available clinical data on the results of these procedures. (66 Refs ) 
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OBJECTIVE: Murine marrow cells are capable of repopulating skeletal 
muscle fibers. A point of concern has been the "robustness" of such 
conversions. We have investigated the impact of type of cell delivery, 
muscle injury, nature of delivered cell, and %%%stem%%% cell mobilizations 
on marrow-to-muscle conversion. METHODS: We transplanted green fluorescence 
protein (GFP)-transgenic marrow into irradiated C57BL/6 mice and then 
injured anterior tibialis muscle by cardiotoxin. One month after injury, 
sections were analyzed by standard and deconvolutional microscopy for 
expression of muscle and hematopoietic markers. RESULTS: Irradiation was 
essential to conversion, although whether by injury or induction of 
chimerism is not clear. Cardiotoxin- and, to a lesser extent, PBS-injected 
muscles showed significant number of GFP(+) muscle fibers, while uninjected 
muscles showed only rare GFP(+) cells. Marrow conversion to muscle was 
increased by two cycles of G-CSF mobilization and to a lesser extent by 
G-CSF and steel or GM-CSF. Transplantation of female GFP to male C57BL/6 
and GFP to ROSA26 mice showed fusion of donor cells to recipient muscle. 
High numbers of donor-derived muscle colonies and up to 12% GFP(+) muscle 
cells were seen after mobilization or direct injection. These levels of 
donor muscle chimerism approach levels that could be clinically significant 
in developing strategies for the treatment of muscular dystrophies. 
CONCLUSION: In summary, the conversion of marrow to skeletal muscle cells 
is based on cell fusion and is critically dependent on injury. This 
conversion is also numerically significant and increases with mobilization. 
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The mobilization of haematopoietic progenitor %%%cells%%% is a 
%%%multifactorial%%% process, still poorly understood at the molecular 
level. Mobilized haematopoietic progenitors, as defined by the expression 
of CD34 cell surface molecule, comprise heterogeneous subpopulations of 
cells committed to different haematopoietic lineages. Haematopoietic 
progenitors may be mobilized by chemotherapy alone, haematopoietic growth 
factors alone, or by chemotherapy plus haematopoietic growth factors. The 
choice of a mobilization regimen that allows an optimal yield of 
progenitors with a minimum number of leukaphereses should incorporate, in 
most patients, a disease-specific chemotherapeutic agent(s) plus a 
haematopoietic growth factor, to be continued until completion of harvest 
(76 Refs.) 
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Recent advances in our understanding of the earliest stages of 
hematopoietic cell differentiation, and how these may be manipulated under 
defined conditions in vitro, have set the stage for the development of 
robust bioprocess technology applicable to hematopoietic cells. Sensitive 
and specific assays now exist for measuring the frequency of hematopoietic 
%%%stem%%% cells with long-term in vivo repopulating activity from human as 
well as murine sources. The production of natural or engineered ligands 
through recombinant DNA and/or combinatorial chemistry strategies is 
providing new reagents for enhancing the productivity of hematopoietic 
%%%cell%%% cultures. %%%Multifactorial%%% and dose-response analyses have 
yielded new insight into the different types and concentrations of factors 
required to optimize the rate and the extent of amplification of specific 
subpopulations of primitive hematopoietic cells. In addition, the rate of 
cytokine depletion from the medium has also been found to be dependent on 
the types of cell present. The discovery of these cell-type-specific 



parameters affecting cytokine concentrations and responses has introduced a 
new level of complexity into the design of optimized hematopoietic 
bioprocess systems. (49 Refs.) 
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OBJECTIVES: Prostatic intraepithelial neoplasias (PIN) result from 
abnormal differentiation and proliferation processes within the prostatic 
epithelial cell system. Recent data indicate that basal cells are 
essentially involved in normal and abnormal growth patterns of the human 
prostate. RESULTS: The basal cell layer represents the proliferative 
compartment and most probably houses the prostatic %%%stem%%% cell 
population. Basal cells are targets of several regulatory factors including 
estrogens, androgens, epidermal growth factor and other nonsteroidal growth 
factors. During the malignant transformation of the prostatic epithelium 
(PIN), the basal cell layer loses its proliferative function which is 
transferred to secretory luminal cell types. These proliferative 
abnormalities are attended by severe regulatory disorders of the programmed 
cell death within the prostatic epithelial cell system. The Bcl-2 
oncoprotein which blocks the programmed cell death in the proliferative 
compartment (basal cell layer) in normal conditions, extends to the 
secretory luminal cell types in high-grade PIN lesions. This, in turn, may 
increase the genetic instability of the dysplastic epithelium. During the 
process of tumor invasion, the transformed cells lose their basal 
cell-specific phenotype and acquire features of exocrine cell types which 
represent the major phenotype in common prostate cancer. At the point of 
stromal invasion, the transformed cells produce neoplastic basement 
membrane material which allows them to penetrate the extracellular matrix. 
CONCLUSION: These data provide theoretical bases for a %%%stem%%% cell 
concept in the development of prostate cancer and highlights the importance 
of basal %%%cells%%% in this %%%multifactorial%%% process. 
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PURPOSE: With the correlational study of four cases in several areas 
(clinic, morphoimmunologycal, ultrastructural and genetic) we try to 
valorate the still controversial entity known as T-cell rich B-cell 
lymphoma (TRBL), and stablish some useful clues in order to settle down the 
differential diagnosis between TRBL, Hodgkin's disease (HD), and T-cell 
non-Hodgkin's lymphomas (TNHL). PATIENTS AND METHODS: Cases proceeded from 
Oncology Department, and had been firstly misdiagnosed either as HD (3 
cases) or as TNHL (1 case). Biopsies were processed and stained in routine 
way, H&E, Giemsa and Wilder. Immunohystological study, using monoclonal 
antibodies against B-cells, T-cells, histiocytes, activation and 
proliferation markers, was also performed with avidin biotine peroxidase 
(ABC) method. Ultrastructural study was performed in three of the cases; 
two patients were studied by PCR and Southern blot. RESULTS: All of the 
cases showed a diffuse hystological pattern, with variable fibrosis, and 
proliferation of venules and capillaries. Small lymphoid cells, being 
positive for CD3, were dominant. Large blastic cells, positive for CD20, 
some of them with a Sternberg-like appearance, could be found, in a spitty 
pattern. Histiocytes were abundant and positive to CD68. Proliferation 
index (Ki-67) ranged between 13 and 24.5% being the stain mainly positive 
for B-cells and in a certain extent, also for T-cells. Ultrastructural 
features were closer to those of the NHL than to the ones found in HD. 
Molecular study failed to prove any rearrangement. CONCLUSIONS: TRBL is a 
rare entity between B-cell NHL group. Diagnosis and differential diagnosis 
(mostly with HD and T-cell NHL) have to be properly made, because of the 
very distinct prognosis and therapy. 

Record Date Created: 19961217 

Record Date Completed: 19961217 



List ot w atents and Publications For 
Applicant's 6 th Supplemental 
Information Disclosure Statement 

Page 1 of 1 



Group No.: 1646 

Examiner Elizabeth Kemmerer 



Reference Designation U.S. PATENT DOCUMENTS 


Examiner 
Initial 




Document Number 


Data 


Name 


Class 


Sub- 
Class 


Filing Date 
(If appropriate) 


















































Foreign Patent Documents 






Document Number 


Date 


Country 


Class 


Sub- 
Class 


Translation 
Yes No 






































Other Art (including author, title, date, pertinent pages, etc.) 




AU 


Men's Health. December 2005. McDougalL "The Greatest medical Revolution nf the Century is nhnut tn hogin- 




























DateConsldered ^/itf/ob 


Examiner Initial if reference considered, whether or not citation is In conformance with MPEP 609. Draw line through citation If not In conformance and not considered. Include copy of this 
form with next communication to applicant 




formPTO-m9(MotfIflotf) 
(Uu itvtnl shesttH ntcttftvy) 



OockrtNo: 1000-10-CO 

s 9 n,iNo, 09/794,456 

.niing oato: February 27, 2001 

Applicant: James P. Elia 



Notice of References Cited 


Application/Control No. 
09/794,456 


Applicant(s)/Patent Under 

Reexamination 

EUA, JAMES P. 


Examiner 


Art Unit 


Page 1 of 1 




Elizabeth C. Kemmerer, Ph.D. 


1646 



U.S. PATENT DOCUMENTS 



* 




Document Number 
Country Code-Number-Kind Code 


Date 
MM-YYYY 


Name 


I a.q Q i fif* at ! nn 

wl uO Jll Iw QIIVJI 1 




A 


US- 










B 


US- 










C 


US- 










D 


US- 










E 


US- 










F 


US- 










G 


US- 










H 


us- 










I 


us- 










J 


us- 










K 


us- 










L 


us- 










M 


us- 








FOREIGN PATENT DOCUMENTS 


* 




Document Number 
Country Code-Number-Kind Code 


Date 
MM-YYYY 


Country 


Name 


Classification 




N 














0 














P 














Q 














R 














S 














T 












NON-PATENT DOCUMENTS 


* 




Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 


* 


U 


Straueret at.. 2005, J. Am. Coll. Cardiol. 46:1651-1658. 




V 


Strauer et al., 2003, Circulation 107:929. 




w 






X 





*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Palenl and Trademark Office 



PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20060216 



EVIDENCE APPENDIX 

Item 2 



Appl. Serial No. 09/836,750 
Docket No. 1000-10-COl 
Appellant's Amended Appeal Brief 
■ OA Response October 22, 2007 



Clinical Investigation and Reports 



Repair of Infarcted Myocardium by Autologous 
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"D cmodelinc of the left ventricle after myocardial infarc- 
Ivtion (Ml) represents a major cause of infarct-related 
heart failure ahd death. This process depends on acute and 
chronic transformation of both the necrotic infarct region and 
the non-necrotic, peri-infarct tissue.'.* Despite application of 
pharmacotherapies and mechanical interventions, the car- 
diomyocytes ijost during MI cannot be regenerated. The 
recent finding jhat a small population of cardiac muscle cells 
is able to replicate itself is encouraging but is still consistent 
with the concept that such regeneration is restricted to viable 
myocardium. 5 

In animal experiments, attempts to replace the necrotic 
zone by transplanting other cells (eg, fetal cardiomyocytes or 
skeletal myoblasts) have invariably succeeded in reconstitut- 
ing heart muscle structures, ie, myocardium and coronary 
vessels. However, these cells fail to integrate structurally and 
do not display characteristic physiological functions. 4 - 7 An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow- derived cells. Bone 
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marrow contains multipotent adult stem cells that show a high 
capacity for differentiation."-'" Experimental studies have 
shown that bone marrow cells (BMCs) are capable of 
regenerating infarcted myocardium and inducing myogenesis 
and angiogenesis; this leads in turn to amelioration of cardiac 
function m mice and pigs."-'< However, procedures based on 
this phenomenon remain largely uninvestigated in a human 
clinical setting. 

An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of contraction 
and v.ab.hty 5 months afterward." Autologous mononuclear 
BMCs transplanted in a similar surgical setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
patients and no change in 2 patients.'* However, such studies 
entail a surgical approach and are therefore associated with 
well-known perioperative risks. Moreover, this surgical pro- 
cedure cannot be used with MI. We therefore looked for a 
nonsurgical, safer mode for transplanting autologous cells 
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Figure 1. Procedure of cell transplantation Into 
infarcted myocardium in humans. a t The bal- 
loon catheter enters the Infarct-related artery 
and is placed above the border zone of the 
infarction. It is then inflated and the cell sus- 
pension is Infused at high pressure under stop- 
flow conditions, b, In this way, cells are trans- 
planted into the infarcted zone via the infarct- 
related vasculature (red dots). Cells infiltrate the 
infarcted zone. Blue and white arrows suggest 
the possible route of migration, c, A supply of 
blood flow exists within the infarcted zone. 39 
The cells are therefore able to reach both the 
border and the infarcted zone. 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after 3 and 6 months of follow-up. 17 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation. AH 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n=4), left circumflex coronary artery 
(n==3), or right coronary artery (n=13). Mean duration of infarct 
pain was 12±10 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after infarction, 
cardiac shock, severe comorbidity, alcohol or drug dependency, or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography, 
and left ventriculography, mechanical treatment was initiated with 
recanalization of the infarct-related artery by balloon angioplasty 
(n=20) and subsequent stent implantation (n*= 19). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group. 

All 20 patients were briefed in detail about the procedure of BMC 
transplantation. Informed consent was obtained from 10 patients, 
who formed the cell therapy group, whereas 1 0 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Heinrich-Heine-University, Diisseldorf, approved the study 
protocol. All procedures conformed to institutional guidelines. 

Before taking part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acety Isaiicylic acid, 
an ACE inhibitor, a ^-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
(—40 mL) was aspirated under local anesthesia from ilium of eel! 
therapy patients (n= 10). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (BioWh it- 
taker) before the erythrocytes were lysed with H 2 0. For overnight 



cultivation, 1 X10 6 BMCs/mL were placed in Teflon bags (Vuelife, 
Cell Genix) and cultivated in X-Vivo 15 Medium (BioWhittaker) 
supplemented with 2% heat- inactivated autologous plasma. The next 
day, BMCs were harvested and washed 3 times with heparinized 
saline before final resuspension in heparinized saline. Viability was 
93 ±3%. Heparinization and filtration (cell strainer, FALCON) was 
carried out to prevent cell clotting and microembolization during 
intracoronary transplantation. The mean number of mononuclear 
cells harvested after overnight culture was 2.8X 10 7 ; this consisted of 
0.65±0.4% AC133-positive cells and 2.1 ±0.28% CD34-positive 
cells. All microbiological tests of the clinically used cell preparations 
proved negative. As a viability and quality ex vivo control, 1X10 3 
cells grown in H5100 medium (Stem Cell Technology) were found 
to be able to generate mesenchymal cells in culture. 

Intracoronary Transplantation of BMCs 

Five to nine days after onset of acute infarction, cells were directly 
transplanted into the infarcted zone (Figure 1). This was accom- 
plished with the use of a balloon catheter, which was placed within 
the infarct-related artery. After exact positioning of the balloon at the 
site of the former infarct-vessel occlusion, percutaneous transluminal 
coronary angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 
minutes each. During this time, intracoronary cell transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 1.5 to 4X10* mononuclear cells. PTCA thoroughly pre- 
vented the backflow of cells and at the same time produced a 
stop-flow beyond the site of the balloon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus, pro- 
longed contact time for cellular migration was allowed. 18 

Functional Assessment of Hemodynamics 

After 3 months, ail 20 patients were followed up by left heart 
catheterization, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens). To quantify infarction wall movement velocity, 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dyskinetic segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centerline method according to Sheehan was used. 19 All 
hemodynamic investigations were obtained by two independent 
observers. 

In the cell therapy group before and 3 months after cell transplan- 
tation, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobutamine stress echocardiography, 
radionuclide ventriculography, catheterization of the right heart, and 
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TABLE 1. Baseline Characteristics of the Patients 



Clinical Data 


Cell 
Therapy 


Standard 

Thpra riv 


p 

r 


Characteristics 








No. of patients 


1 u 


1 A 
10 




Age, y 


_ iu 


50 ±6 


NS 


Sex 


Male 


Male 


Onset of infarction before angioplasty, h 


10±8 


13±11 




Coronary angiography 






No. of diseased vessels 


17±0.9 


2.1 ±0.7 


NS 


No. of patients with LAD/LCX/RCA as the affected vessel 


4/1/5 


0/2/8 




No. of patients with stent implantation 


9 


10 




Laboratory parameters 








Creatinine kinase, U/L 


1138±1170 


130811187 


NS 


Creatinine kinase-MB, U/L 


106±72 


124±92 


NS 


Bone marrow puncture after angioplasty, d 


7 ±2 






Mononuclear bone marrow celts, n (X10 7 ) 


2.8±2.2 







NS indicates not significant; LAD, left anterior descending coronary artery; LCX, left circumflex 
coronary artery; and RCA, right coronary artery. 



stress-redistribution-reinjection 20, thallium scintigraphy. The con- 
tractility index P.^/ESV was calculated by dividing LV systolic 
pressure (P iytt ) by end-systo!ic volume (ESV). Perfusion defect was 
calculated by scintigraphic bulPs-eye technique. Each examination 
was performed according to standard, protocols. 

There were no complications or side effects determined in any 
patient throughout the diagnostic or therapeutic procedure or within 
the 3-month follow-up period. 

Statistical Analysis 

All data are presented as mean±SD. Statistical significance was 
accepted when P was <0,05. Discrete variables were compared as 
rates, and comparisons were made by x 2 analysis, Intra-individual 
comparison of baseline versus follow-up continuous variables was 
performed with a paired / test. Comparison of nonparametric data 
between the two groups was performed with Wilcoxon test and 
Mann-Whilney test. Statistical analysis was performed with SPSS 
for Windows (version 1 0.1). 

Results 

Clinical data between the two groups did not differ signifi- 
cantly. The range of creatinine kinase levels was slightly but 
not significantly higher in the standard therapy group than it 
was in the cell therapy group (Table I). 

Comparison of the 2 groups 3 months after cell or standard 
therapy showed several significant differences in LV dynam- 
ics, according to the global and regional analysis of left 
ventriculogram. The infarct region as a percentage of hypo- 
kinetic, akinetic, or dyskinetic segments of the circumference 
of the left ventricle decreased significantly in the cell therapy 
group (from 30±I3 to I2±7%, />=0.005). It was also 
significantly smaller compared with the standard therapy 
group after 3 months (/>=0.04). Within the standard therapy 
group, only a statistically nonsignificant decrease from 25±8 
to 20± 1 1% could be seen. Wall movement velocity over the 
infarct region rose significantly in the cell therapy group 
(from 2.0+1.1 to 4.0±2.6 cm/s, />=0.028) but not in the 
standard therapy group (from 1.8 ±1.3 to 2.3 ±1.6 cm/s, 
P=NS). No significant difference was observed between the 



two groups. Ejection fraction increased in both groups, albeit 
nonsignificant^ (from 57±8 to 62±10% in the cell therapy 
group and from 60±7 to 64±7% in the standard therapy 
group) (Table 2). 

Further significant improvement could also be seen on 
additional analysis of the cell therapy group alone. Perfusion 
defect was considerably decreased by 26% in the cell therapy 
group (from 174 ±99 to 128 ±7 1 cm 2 , P~Q.0\6 t assessed by 
^'thallium scintigraphy) (Figure 2). Parallel to the reduction 
in perfusion defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49±7 to 56±7 mL/W, />=0.0I0) 
and ejection fraction (from 51 ±14 to 53 ±13% 
P=NS). 

(2) Cardiac geometry, as shown by decreases in both 
end-diastolic (from I58±20 to 143±30 mL, /^NS) 
and end-systolic volume (from 82±26 to 67±2I mL, 
P=0.0I I). Radionuclide ventriculography was used to 
acquire the data. 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20.5 ±4.2 to 
24.4±7.7 mm/s, ^=NS, assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 
systolic pressure to end-systolic volume (from 
1.81 ±1.44 to 2.27 ±1.72 mm Hg/mL, />=0.005). 

Discussion 

The present report describes the first clinical trial of intracor- 
onary, autologous, mononuclear BMC transplantation for 
improving heart function and myocardial perfusion in pa- 
tients after acute MI. The results demonstrate that trans- 
planted autologous BMCs may lead to repair of infarcted 
tissue when applied during the immediate postinfarction 

period. These results also show that the intracoronary ap- 
proach of BMC transplantation seems to represent a novel 
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TABLE 2. Comparison of Cell Therapy and Standard Therapy Groups 





Cell 
Theraov 


Standard 
Therapy 


P 


No. of patients 


10 


1U 




Infarct region as functional defect 








Hypokinetic, akinetic, or dyskinetic region at 0 mo, % 


30±13 


cO—O 




Hypokinetic, akinetic, or dyskinetic region at 3 mo, % 


'ill 


90-+- 11 


0.04 


P 


ft nftc 
0.0Q5 


MQ 
IMo 




Contractility Indices 








Infarction wall movement velocity at 0 mo, cm/s 


9 1 

£.U — t . 1 


1.8±1.3 


NS 


Infarction wall movement velocity at 3 mo, cm/s 


4.0±2.6 


2,3±1.6 


NS 


P 


0.028 


NS 




Hemodynamic data 








LV ejection fraction at 0 mo ( % 


57 ±8 


60±7 


NS 


LV ejection fraction at 3 mo, % 


62±10 


64±7 


NS 


P 


NS 


NS 





No inoicaxes noi signniutm, u mu, tciu munuio, «>»w - - - ----- 

months, which means the time of the follow-up examinations. All data were obtained according to 
analysis of left ventriculogram. 



and effective therapeutic procedure for concentrating and/or 
depositing infused cells within the region of interest. 

Neogenesis of both cardiomyocytes and coronary capillar- 
ies with some functional improvement has been shown 
recently by several investigators using bone marrow- derived 
cells in experimental infarction. ' , - |4 > !8 - 20 - 23 Moreover, trans- 
endothelial migration from the coronary capillaries and in- 
corporation of cells into heart muscle has been observed 
experimentally. 3 * 12 ' 24 - 26 Until now, clinical data only existed 
for the cell therapy of surgically treated chronic ischemic 
heart disease. 15 * 16 Our aim was to transform the encouraging 
results from animal models to a safe clinical setting. The most 
crucial questions we had to address while designing and 



realizing this trial were: (1) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown that 
environmentally dictated changes of fate (transdetermination) 
are not restricted to stem cells but may also involve progen- 
itor cells at different steps of a given differentiation pathway 
(transdifferentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases. 27 Adult, mononuclear BMCs contain such stem and 
progenitor cells (^1%), eg, mesodermal progenitor cells, 
hematopoietic progenitor cells, and endothelial progenitor 
cells. In several animal infarction models it has been shown 
that: (I) Bone marrow hemangioblasts contribute to the 
formation of new vessels; (2) bone marrow hematopoietic 
stem cells differentiate into cardiomyocytes, endothelium, 

TABLE 3. Cardiac Function Analysis at 3-Month Follow-Up 



Figure 2. Improved myocardial perfusion of infarcted anterior 
wall 3 months after intracoronary cell transplantation subse- 
quent to an acute anterior wall Infarction detected by 201 thallium 
scintigraphy. The images on the left (A, D, sagittal) and in the 
middle (B, E) show the long axis, whereas those on the nght (C, 
F frontal) show the short axis of the heart. Initially the anterior 
wall, with green-colored apical and anterior regions, had 
reduced myocardial perfusion (A, B, C). Three months after cell 
transplantation the same anterior wall, now yellow in color, 
revealed a significant improvement In myocardial perfusion (D, 
E, F). All illustrations depict the exercise phase. 





Before Cell 
Therapy 


3 Months After 
Cell Therapy 


P 


No. of patients 


10 


10 




Hemodynamic data 








LV ejection fraction, % 


51±14 


53±13 


NS 


Stroke volume index, mL/m 2 


49 ±7 


56±7 


0.010 


Cardiac geometry 








LV end-diastolic volume, mL 


158±20 


143±30 


NS 


LV end-systolic volume, mL 


82±26 


67 ±21 


0.011 


Contractility indices 








Circumferential fiber shortening, 


20.5±4.2 


24.4±7.7 


NS 


mm/s 








P^t/ESV, mm Hg/mL 


1.81 ±1.44 


2.27 ±1.72 


0.005 


Infarct region as perfusion defect 








201 That!tum scintigraphy, cm 2 


174±99 


128±71 


0.016 


NS indicates not significant. 
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and smooth muscle cells"-'- 1 ; (3) BMCs give rise to mesoder- 
mal progenitor cells that differentiate to endothelial cells 2 "; 
and (4) endothelial progenitors can transdifferentiate into 
beating cardiomyocytes." Thus, several different fractions of 
mononuclear BMCs may contribute to the regeneration of 
necrotic myocardium and vessels. In order to utilize this large 
and perhaps heterogeneous regenerative potential, we decided 
to use all mononuclear cells from the bone marrow aspirate as 
a whole, rather than a subpopulation. No further expansion 
was performed because experimental data have revealed a 
dramatic decline in the homing capacity of in vitro amplified 
hematopoietic stem or progenitor cells. 30 

The second question was how to deliver the cells most 
efficiently. When given intravenously, only a very small fraction 
of infused cells can reach the infarct region after the following 
injection: assuming a nonnal coronary blood flow of 80 mL/min 
per 100 g of LV weight, a quantity of 160 mL per left ventricle 
(assuming a regular LV mass of «*200 g) will flow per 
minute. 31 - 32 This corresponds to only about 3% of cardiac output 
(assuming a cardiac output of 5000 mL/min). 51 Therefore, 
intravenous application would require many circulation passages 
to enable infused cells to come into contact with the infarct- 
related artery. Throughout this long circulation and recirculation 
time, homing of cells to other organs could considerably reduce 
the numbers of cells dedicated to cell repair in the infarcted zone. 
Thus, supplying the entire complement of cells by intracoronary 
administration obviously seems to be advantageous for the tissue 
repair of infarcted heart muscle and may also be superior to 
intraventricular injection, 33 because all cells are able to flow 
through the infarcted and peri-infarcted tissue during the imme- 
diate first passage. Accordingly, by this intracoronary procedure 
the infarct tissue and the peri-infarct zone can be enriched with 
the maximum available amount of cells at all times. 

As stem cells differentiate into more mature types of progen- 
itor cells, it is thought that a special microenvironment in 
so-called niches regulates cell activity by providing specific 
combinations of cytokines and by establishing direct cellular 
contact. For successful long-term engraftment, at least some 
stem cells have to reach their niches, a process referred to as 
homing. Mouse experiments have shown that significant num- 
bers of BMCs appear in liver, spleen, and bone marrow after 
intravenous injection. 34 To offer the BMCs the best chance of 
finding their niche within the myocardium, a selective intracor- 
onary delivery route was chosen. Presumably, therefore, fewer 
cells were lost by extraction toward organs of secondary interest 
by this first pass-like effect. To facilitate transendothelial pas- 
sage and migration into the infarcted zone, cells were infused by 
high-pressure injection directly into the necrotic area, and the 
balloon was kept inflated for 2 to 3 minutes; the cells were not 
washed away immediately under these conditions. 

The time point for delivery was chosen as 7 to 8 days after 
infarction onset for the following reasons: 

(I) In dogs, infarcted territory becomes rich in capillaries 
and contains enlarged, pericyte-poor "mother vessels" 
and endothelial bridges 7 days after myocardial ische- 
mia and reperfusion. Twenty-eight days later, a signif- 
icant muscular vessel wall has already formed. 35 Thus, 
with such timing, cells may be able to reach the worst 



damaged parts and at the same time salvage tissue. 
Transendothelial cell migration may also be enhanced 
because an adequate muscular coat is not yet formed. 

(2) Until now, only one animal study has attempted to 
determine the optimum time for cardiomyocyte trans- 
plantation to maximize myocardial function after LV 
injury. Adult rat hearts were cryoinjured and fetal rat 
cardiomyocytes were transplanted immediately, 2 
weeks later, and 4 weeks later. The authors discussed 
the inflammatory process, which is strongest in the 
first days after infarction, as being responsible for the 
negative results after immediate cell transplantation, 
and they assumed that the best results seen after 2 
weeks may have been due to transplantation before 
scar expansion. 36 Until now, however, no systematic 
experiments have been performed with BMCs to cor- 
relate the results of transplantation with the length of 
such a time delay. 

(3) Another important variable is the inflammatory response 
in MI, which seems to be a superbly orchestrated inter- 
action of cells, cytokines, growth factors and extracellular 
matrix proteins mediating myocardial repair. In the first 
48 hours, debridement and formation of a fibrin-based 
provisional matrix predominates before a healing phase 
ensues. 37 - 40 Moreover, vascular endothelial growth factor 
is at its peak concentration 7 days after Ml, and the 
decline of adhesion molecules (intercellular adhesion 
molecules, vascular cell adhesion molecules) does not 
take place before days 3 to 4 after MI. We assumed that 
transplantation of mononuclear BMCs within the "hot" 
phase of post-MI inflammation might lead them to take 
part in the inflammation cascade rather than the formation 
of functional myocardium and vessels. 

Taking all of this into account, we can conclude that cell 
transplantation within the first 5 days after acute infarction is not 
possible for logistical reasons and is not advisable because of the 
inflammatory process. On the other hand, transplantation 2 
weeks after infarction scar formation seems to reduce the benefit 
of cell transplantation. Although the ideal time point for trans- 
plantation remains to be defined, it is most likely between days 
7 and 14 after the onset of MT, as in the present study. 

This trial was designed as a phase I safety and feasibility trial, 
meaning that no control group is necessarily required. However, 
to validate the results, we correlated them with those obtained 
from 10 patients who refused to get additional cell therapy and 
thus received standard therapy alone. We are aware of the fact 
that such a comparison does not reach the power of a randomly 
allocated, blinded control group. However, the significant im- 
provement with regard to infarct region, hemodynamics (stroke 
volume index), cardiac geometry (LV end-systolic volume), and 
contractility (P Jyi /ESV and infarction wall movement velocity) 
did confirm a positive effect of the additional cell therapy 
because the changes observed in the standard therapy group 
failed to reach significance. 

Another important factor for interpreting the results is time 
interval between onset of symptoms and revascularization of the 
infarct-related artery by angioplasty; this represents a crucial 
determinant of LV recovery. For patients with acute MI, it has 
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been shown that if the time interval is >4 hours, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy. 41 None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
\2± 10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mild and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data 41 In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters, 
which may be attributed to BMC-mediated coronary angioneogen- 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs, 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist, 
and no side effects were observed at any point of time. The 
therapeutic benefit for the patient's heart seems to prevail. 
However, further experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute MT 
in humans. 
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Abstract 

Myocardial infarcts heal by scarring because myocardium 
cannot regenerate. To determine if skeletal myoblasts could 
establish new contractile tissue, hearts of adult inbred rats 
were injured by freeze-thaw, and 3-4.5 X 10 6 neonatal skel- 
etal muscle cells were transplanted immediately thereafter. 
At 1 d the graft cells were proliferating and did not express 
myosin heavy chain (MHC). By 3 d, multinucleated myo- 
tubes were present which expressed both embryonic and 
fast fiber MHCs. At 2 wk, electron microscopy demon- 
strated possible satellite stem cells. By 7 wk the grafts began 
expressing p-MHC, a hallmark of the slow fiber phenotype; co- 
expression of embryonic, fast, and P-MHC continued through 
3 mo. Transplanting myoblasts 1 wk after injury yielded com- 
parable results, except that grafts expressed p-MHC sooner 
(by 2 wk). Grafts never expressed cardiac-specific MHC -a. 
Wounds containing 2-wk-oId myoblast grafts contracted 
when stimulated ex vivo, and high frequency stimulation in- 
duced tetanus. Furthermore, the grafts could perform a car- 
diac-like duty cycle, alternating tetanus and relaxation, for 
at least 6 min. Thus, skeletal myoblasts can establish new 
muscle tissue when grafted into injured hearts, and this 
muscle can contract when stimulated electrically. Because 
the grafts convert to fatigue-resistant, slow twitch fibers, 
this new muscle may be suited to a cardiac work load. (J. 
Clin. Invest. 1996. 98:2512-2523.) Key words: myocardial 
infarction • skeletal myoblast ♦ myosin heavy chain • con- 
tractile function ♦ cell transplantation 

Introduction 

Experimental and clinical therapies for myocardial infarction 
have focused traditionally on limiting infarct size. Unfortu- 
nately, the goal of limiting myocardial injury has been difficult 
to achieve clinically, because ischemic myocardium dies quite 
rapidly (1) and most patients wait more than 3 h after coronary 
occlusion before seeking medical attention. As an alternative 
approach, we are exploring strategies to induce the injured 
heart to heal with muscle replacement rather than forming 
scar tissue. 
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One strategy for muscle regeneration is to transplant either 
skeletal or cardiac myocytes into the injured heart. Studies 
from Field's group showed that cardiac myocytes can be trans- 
planted into normal hearts, where they couple with host cardio- 
cytes via intercalated discs (2, 3), However, a major drawback 
to using cardiocytes is their inability to proliferate in culture. 
At present it seems unlikely that enough primary cardiocytes 
could be obtained from the patient or histocompatible donor 
to repair a myocardial infarct in humans. On the other hand, 
skeletal muscle satellite cells (muscle stem cells) proliferate 
well in culture. Satellite cells could be obtained from muscles 
of infarct patients and rapidly expanded in culture, or stocks of 
potentially therapeutic myoblasts could be obtained from em- 
bryos and frozen for subsequent use (4, 5). Furthermore, phys- 
iological studies have shown that when properly conditioned, 
skeletal muscle can adapt to perform a cardiac-type work load 
(6). Recent studies have demonstrated the feasibility of graft- 
ing skeletal myoblast lines into normal hearts (7) and autolo- 
gous satellite cells into injured hearts (8, 9). However, to 
generate significant amounts of functional new muscle the 
transplanted cells ideally should proliferate and then differen- 
tiate into mature myofibers capable of sustaining a cardiac 
work load. This study was performed to determine the prolif- 
eration and differentiation patterns of skeletal myoblasts after 
engraftment into injured rat hearts and to determine whether 
this new muscle could support contractile activity. 

Methods 

Skeletal myoblast isolation and culture. These studies were approved 
by the University of Washington Animal Care Committee and were 
conducted in accordance with federal guidelines. Skeletal myoblasts 
were obtained from the limbs of 1-3-d-old Fischer rats. This inbred 
strain was used to avoid immune barriers to transplantation. After 
time of killing, the carcasses were skinned and the limbs were placed 
into cold tissue culture media. Under a dissecting microscope, the 
muscles were stripped of surrounding adipose tissue and fascia and 
bluntly dissected from their tendons. The muscles were minced with 
iridectomy scissors until a fine slurry was formed. The slurry was then 
digested in 0.05% trypsin/EDTA (GIBCO-BRL, Gaithersburg, MD) 
in Ham's saline A at 37°C, with intermittent mechanical agitation to 
assist dispersal. After 30-45 min the cell suspension was filtered 
through sterile gauze to remove undispersed tissue fragments and rod 
shaped mature myofibers. Cells were plated at ~ 5 X 10 6 cells/dish in 
LOO-mm gelatinized plates in 10 ml Ham's F10C media, containing 
15% horse serum and 50 u.g/ml gentamicin sulfate (Gemini Byprod- 
ucts, Inc., Calabasas, CA). Recombinant human basic fibroblast 
growth factor was added twice daily to a final concentration of 6 ng/ml, 
and the complete medium was replaced once per day. Approximately 
10% of the cells attached and grew with a doubling time of ~ 18 h. 
The cultures contained a mix of small, oval myoblasts and elongated, 
spindle-shaped cells consistent with fibroblasts, Subconfluent cultures 
were passaged every 2-3 d (1:5 split) to minimize the occurrence of 
myogenic differentiation at higher density. On the day before trans- 
plantation, the cultures were tagged for subsequent identification in 
vivo. In some experiments cells were lagged with fluorescent micro- 
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spheres (1:500 dilution of stock 200 nm yellow-green fluorescent mi- 
coheres; Mo.ecular Probes, Eugene. OR). The latex m.crospheres 
were endocytosed (typically > 20 spheres/cell) and served as cy to- 
pTaltc markers (10)' In other experiments, cells 
overnight with ['HJthymidine (1 u-Ci/ml) to mark their nuclei after 
autoradiography. Cu.tures were trypsinized immediately before tran 
plantation and suspended at a concentrate of ~ 3 X : 10 AnL Small 
aliquots of the remaining cell suspension ™« «ft ted » 73**°. 
cells/cm' into gelatinized, multichamber plastic slides, and fixed m 
methanol after various culture intervals for immunostaimng. 

Rat cardiac injury models. Inbred male Fischer rate (Simonsen Labs. 
Oilroy, CA) weighing 35C-400 grams were anesthetized with intra, 
peritonea. ketamine-xy.azine (68 and 4.4 mg/kg, -PecUvely) - u- 
bated, and mechanically ventilated with room a ' r ; The , heart "* s " 
posed aseptically via a left thoracotomy, and a ^J- 
aluminum rod, precooled with liquid n.trogen, was placed in direct 
coTact with the anterior left ventricle for !5 s. Freeze-thaw reprodt . - 
ibly caused a discshaped region of coagulation necrosis, ~ 1 cm in di- 
ameter extending ~ 2 mm into the myocardium. It should be noted 
hat whHe infarct! typically have irregular borders with v.b e penm- 
su.as of subepicardial myocardium along penetrating vessel fceeze 
,haw lesions consist of confluent necros.s ,n .he subep.cardium w.U 
v able myocardium in the subendocardial^ Because they are not 
transmural freeze-thaw lesions do not cause cardiac aneurysm for- 
ma ion Despite these differences, the cellular patterns of co.guh.non 
necrosis, inflammation and phagocytosis, granulation tissue forma- 
?ion, and scarring after freeze-thaw injury are nd»..n B u«h. le from 
myocardial infarction (U-13). making .t a suitable model to study 

^ tneS studies, ~3xl. myoblasts in 
media were injected superficial* into the center of the injured region 
immediately after injury, using a 27-gauge needle. The the chest 
was closed and the rats were allowed to recover for timed ,n ervals 
from 1 d to 3 mo (n = 4/time point). To mirmc a clinical situation 
mo" lose.y. a second protoco. was used in which the freeze-thaw le- 
sion was allowed to heal for 1 wk before transplanting myoblasts. By 
1 wk, most of the necrotic myocardium had been replaced by granula- 
tion tissue, but scar formation had not yet begun. The rats (n , 2/time 
point- no 3 d or 3 mo time points) were reanesthet.zed and a thora- 
cotomy was repeated. The heart was exposed and a 100-a. suspension 
containing -3X10' myoblasts was injected into the wound as de- 
schbed above. The chest was closed and the animals were allowed to 
recover for intervals from 1 d to 7 wk. 

To detect DNA synthesis in the grafts the rats were treatec .with 
the thymidine analogue 5-bromo-2'-deoxyund,ne (BrdU) (Boeh 
ringer Mannheim. Indianapolis, IN). 1 d before time of k, filing he 
ratf were lightly anesthetized, and a 50-mg tablet of BrdU was ,m- 
p anted subcmaneously for measurement of cel. 
nary studies showed that a subcutaneous 50-mg BrdU tablet gave 
comparable replication rates to a 24-h continuous infusion with an os- 
moTc mini-pump (not shown). For rats killed 1 d after transplant - 
don. a single' 10-mg pulse of BrdU was given "W^^* 
fore time of killing. This avoided incorporate of BrdU inlo the cells 
which were cycling at the time of transplantation. 

Rats were killed with a pentobarbital overdose and their hearts 
were excised. In the immediate transplantation groups, the aorta was 
Cannula ed and the hearts were perfusion fixed with methyl Carnoy s 
S! (60% methanol. 30% chloroform, 10% glacial acetic acid), 
r n versdy sectioned, and embedded in paraffin by rout.ne me h- 
ods in groups transplanted 1 wk after injury, the _hearu i were trans- 
versely L.ioned. embedded in OCT (Miles Inc., Kankakee, IL). and 
frozen in a dry ice^thanol bath for frozen section analysis. In both 
protocols. sections of gut were obtained as controls for measurement 
of cell replication with BrdU. 

TTbbTeviations used in this paper: BrdU. 5-bromo-rdeoxyuridine; 
MHC, myosin heavy chain. 



Measurement of contractile function in isolated wound strips. Rat 
hearts were given 4.5 x 10 4 myoblasts (n = 8) in 100 »\ or a sham m- 
iection of saline (n = 3) immediately after injury. 2 wk after engrafting, 
the hearts were excised and transversely sectioned. Under a dissecting 
microscope, most of the subendocardial myocardium was trimmed away 
from the injured region, and isolated wound strips (~ 1.5 x 15 x 8 mm) 
were prepared. One or two strips were studied from each myoblast- 
em-rafted heart, and two or three strips were studied from each sham- 
injected heart. The strips were ligated at both ends with s. k suture 
and then placed in a bath of physiological saline with the following 
composition (mmol/.iter): 116 Nad. 4.6 KC1, 1.2 MgSO,, Z5 CaCI, 
26 Mops ( P H 7.4). 11 glucose, and 10 mg/liter gentam.c.n. The buffer 
was equilibrated with 95% 0^5% CO, and maintained at 20 C via a 
thermostatically controlled water jacket. Wound strips were mounted 
between an isometric force transducer (model 60-2995; Harvard Ap- 
paratus, Inc., South Natick, MA) and a fixed glass hook. Resting ten- 
sion was set initially at 0.5 g. Strips were stimulated with 1-ms bipolar 
pulses delivered via platinum wire electrodes using a Grass model 
S48 stimulator (Astro-Med. Inc.. West Warwick, RI). Voltage was in- 
creased in 10-V increments until contractile activuy was observed 
Force traces were displayed on a digital storage oscilloscope (model 
3091- Nicolet Instrumeni Corp.. Madison. W[) and recorded usmg a 
General Scanning model RS4-5P strip chart recorder. After deter 
mining the force-voltage relationship, the optimal length for force 
production was determined for each wound strip using test contrac- 
ts at 2-min intervals, a time sufficient for metabolic recovery in 
mammalian fast twitch muscles (14). Force-frequency 
performed by increasing the stimulation frequency m 1-Hz mere- 
ments; tetanus was defined as the point where the oscillations of con- 
tractile force at the plateau were < 3% of the net force generated 
(14). Finally, to test fatigability the grafts were subjected «> a simu- 
lated cardiac-Uke duty cycle, consisting of 0.33 s of tetanus flowed 
bv 0 67 s of relaxation (1:2 cycle), continuing for 6 mm. After comple- 
tion of functional studies the strip's cross-sectional area was deter- 
mined, and the tissue then was processed for histology or electron mi- 

"°7mmunocytochemistry. Antibodies used for immunostaining are 
.iven in Table I. 6-u-m frozen sections were cut on a cryostat. briefly 
air dried, and stored at -70'C until use. 5-nm paraffin sections were 
deparaffinized in xylene and rehydrated in a graded a cohol series 
Cultured cells were fixed and stored in cold PBS unul use. For all 
samples, endogenous peroxidase activity was quenched by incubating 
with 0 3% H,0, in methanol for 30 min. Immunostaimng was carried 
Tut at room temperature. Sections were blocked with ^ normal 
horse serum in PBS for 1 h. The. sections were then incubated with 
the primary antibody in 1.5% horse serum for 1 h. followed by incu- 
bation with the secondary antibody (rat adsorbed horse anti-mouse. 
1-400 dilution; Vector Labs, Inc.. Burlingame. CA) for I h. Anugens 
were localized with an avidin-biotin-peroxidase complex (ABC Elite 
kit- Vector Labs). For staining with a single antibody, d.aminobenzi- 
dine (Sigma Immunochemicals, St. Louis, MO) was used as a chroma- 
genie substrate. For double immunolabeling with antibodies to myo- 
sin and BrdU, sections were first exposed to 1.5 N HCI for 15 mm at 
37°C to denature the DNA. followed by a rinse in 0.1 mol/l.ter borax 
,o stabilize the denatured strands. Sections were then stained rou- 
tinely for myosin heavy chain (MHC) using °iam.nobe«z.dine. After 
a second quenching in 0.3% H 2 0„ sections were blocked with .5 A 
normal horse serum, and then incubated with a mouse monoclonal 
antibody to BrdU for 1 h. After incubation with the secondary anti- 
body (horse anti-mouse), BrdU was localized with an av.din-b.o in- 
peroxldase complex, using True Blue ^ C ^^ °, > " 
substrate. Cross-reactivity between the first primary antibody and he 
second secondary antibody did not occur, as long as the True Blue 
ubstrate was incubated for a short duration (< 1 nun . Sections i were 
counterstained either with methyl green, nuclear fast red. or hema- 

l ° X Electron microscopy. After measurement of contractile function, 
one of the tissue strips was immersed in half strength Karnovsky s fix- 
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Table I. Antibodies Used for Immunocytochemistry 



Antibody 



Antigen recognized 



MF-20 Sarcomeric MHCs 

MY-32 Skeletal MHC-fast (types IIA and IIB) 

BA-G5 Cardiac MHC-ot 

F1.652 Embryonic MHC 

A4.951 (J-MHC 

Anti-BrdU BrdU 



Dilution 


Source 


Reference 


Hyb. Sup., 1:100 


American Type Culture Collection, Rockville, MD 


39 


Mouse ascites, 1:2000 


Sigma Immunochemicals 


40 


Hyb. Sup., 1:5 


American Type Culture Collection 


41 


Hyb. Sup., 1:100 


Developmental Studies Hybridoma Bank* 


42 


Hyb. Sup., 1:50 


American Type Culture Collection 


43 


IgG, 1:50000 


Eurodiagnostics, Apeldoorn.The Netherlands 


44 



lgO % purified IgG monoclonal antibody; Hyb. Sup., hybridoma supernatant. 'The monoclonal antibody Fl. 652 developed m the laboratory of 
Dr Helen Blau was obtained from the Developmental Studies Hybridoma Bank maintained by the Department of Pharmacology and Molecular Set- 
ences, Johns Hopkins University School of Medicine, Baltimore, MD, and the Department of Biological Sciences. Un.vers.ty of Iowa, Iowa City, IA, 
under contract NOl-HD-20144 from the National Institute of Child Health and Human Development. 



ative and dissected into small cubes < 1 mm in greatest dimension. 
The tissue was fixed overnight in half strength Karnovsky's fixative, 
postfixed for t h in 1% osmium tetroxide at room temperature, dehy- 
drated through a graded alcohol series followed by propylene oxide, 
and embedded in Medcast resin (Ted Pella, Inc., Redding, CA). 
Semithin sections were stained with toluidine blue and examined by 
light microscopy. Thin sections were cut from selected blocks, stained 
with lead citrate and uranyl acetate, and examined in a Jeol JEM 
1200EXII transmission electron microscope. Representative areas 
were photographed. 

Results 

Characteristics of myoblast cultures. The muscle cultures con- 
tained a mixed cell population. At least 22% of the cells were 
skeletal muscle, as indicated by their staining for sarcomeric 
myosin after switching to a differentiation medium containing 
1.5% serum and no FGF for 3 d. This procedure underesti- 
mates the true percentage of skeletal muscle cells by several- 
fold, since the nonmyogenic cells continue to divide after the 
medium switch while the myoblasts complete their present cell 
cycle and then terminally differentiate. Approximately 1% of 
the cells stained with antibodies to smooth muscle a-actin, 
which can mark either smooth muscle cells or fibroblasts. Vir- 
tually none of the cells stained with an antibody for the endo- 
thelial marker von Willebrand factor. The remaining cells 
were presumably fibroblasts. 

Histology and differentiation patterns of myoblast grafts. 
Cultured skeletal myoblasts were transplanted into cardiac 
freeze-thaw lesions either immediately after injury, or, to 
mimic a clinical situation more closely, cells were transplanted 
1 wk after injury. The two protocols yielded similar results and 
will be described together; minor differences are noted below. 
On the first day after transplantation the myoblasts were 
mononuclear cells (Fig. 1 A). The grafted cells could be distin- 
guished clearly from inflammatory cells within the necrotic tis- 
sue by their larger size and characteristic oval shape. (Fibro- 
blast ingrowth from the surrounding tissue had not yet begun 
at this time.) The identity of the grafted cells was confirmed by 
their cytoplasmic fluorescent microspheres and radioactive nu- 
clei (not shown). Mitotic figures were common. The grafted 
cells did not stain with antibodies to skeletal or cardiac MHCs 
(Fig. 1 B). Thus, muscle differentiation had not yet occurred. 

By 3 d after transplantation, many of the grafted cells had 
fused to form multinucleated myotubes (Fig. 1 C). Myotubes 
were partially aligned along the short (transverse) axis of the 



heart. The myotubes stained with antibodies to sarcomeric 
MHC, embryonic MHC (Fig. 1 £>), and to MHC-fast (not 
shown). Occasional cross-striations were noted, but these were 
not frequent at this time (Fig. 1 D). The myotubes did not ex- 
press cardiac MHC-ct. By 1 wk the grafts were easily recogniz- 
able as skeletal myofibers and many cells contained cross-stria- 
tions. As before, the new myofibers stained with antibodies to 
sarcomeric MHC, embryonic MHC, and MHC-fast, but did 
not express cardiac MHC-ct (not shown). By 2 wk after trans- 
plantation the grafts had the appearance of maturing skeletal 
myofibers (Fig. 1 £). Sarcomeres were well formed, and many 
cells had peripheral nuclei. The myofibers stained intensely 
with antibodies to sarcomeric myosin, embryonic MHC (Fig. 1 
F), and skeletal MHC-fast (Fig. 1 C). No staining with cardiac 
MHC-ct antibodies was observed at 2 wk. 

At 7 wk after transplantation the grafts were islands of ma- 
ture skeletal muscle within young scar tissue (Fig. 1, H-J). 
There was a moderate increase in cell diameter compared with 
2 wk. None of the muscle grafts were infiltrated or splayed 
apart by scar tissue, nor was there evidence of fiber atrophy. 
Vascular density appeared normal for muscle tissue (Fig. 1.7). 
All of the 7-wk grafts stained strongly with antibodies to sarco- 
meric myosin and embryonic MHC (Fig. 1 H). The grafts in- 
jected immediately after injury stained intensely with antiskeU 
etal MHC-fast, comparable with Fig. 1 F. In contrast, the grafts 
injected 1 wk after injury stained poorly with antiskeletal 
MHC-fast (see below). No staining with antibodies to cardiac 
MHC-a was observed in the grafts, while the adjacent myocar- 
dium stained intensely (Fig. 1 1). 

At 3 mo after transplantation the grafts again had the ap- 
pearance of mature skeletal muscle (Fig. 1 K). Most myofibers 
had peripheral nuclei, and vascular density appeared normal. 
Fiber diameter was generally larger than in the 7-wk group, in- 
dicating that the cells had hypertrophied between 7 wk and 3 
mo (compare Fig. 1.7 and K). In one heart, however, part of 
the graft was infiltrated by scar tissue which encircled individ- 
ual myofibers and was associated with fiber atrophy (Fig. I L). 
The grafts continued to express embryonic MHC and MHC- 
fast (not shown). Once again, no staining with antibodies to 
cardiac MHC-a was observed (comparable with Fig. 1 /)• At 
all time points the myofibers were predominantly aligned par- 
allel with the short (transverse) axis of the heart and therefore 
appeared in longitudinal section. However, some fascicles of 
muscle appeared obliquely or cross-sectioned in this plane. 
In summary, the grafts began to differentiate into myo- 
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Figure I. Morphology and MHC expression in skeletal myoblast grafts. Rat hearts were injured by freeze-thaw and syngeneic skeletal muscle 
cells were grafted into the lesions. All panels in this figure are from hearts which were grafted immediately after .njury. (A) 1-d graft. The grafted 
cells are identifiable as relatively large, oval shaped cells (arrows) within the necrotic myocardium. One graft cell is m m.los.s (arrowhead ^Nu- 
merous smaller inflammatory cells are present within the lesion. Fibroblast ingrowth from surrounding viable tissue had not yet begun at this 
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tubes between 1 and 3 d and acquired the appearance of ma- 
turing myofibers with well formed sarcomeres by 2 wk. The 
grafts expressed both embryonic MHC and MHC-fast at all 
times between 3 d and 3 mo. There was no expression of car- 
diac MHC-a at any time. 

Electron microscopy. Electron microscopy was performed 
on one heart, 2 wk after myoblast grafting. Most of the grafted 
ceils had well formed, slightly contracted sarcomeres which 
were aligned in registry (Fig. 2 A). Mitochondria were abun- 
dant. Multinucleate was evident in many cells, as were well 
formed T-tubules. However, in other cells a spectrum of mor- 
phological stages was present, consistent with developing skel- 
etal muscle (Fig. 2 B). Cells at the earliest stage were small, 
had scanty myofibril content, and contained focal aggregations 
of electron-dense material suggestive of developing Z-discs. In 
these cells there were abundant ribosomes and glycogen, a 
prominent Golgi apparatus, and dilated segments of sarcoplas- 
mic reticulum. Intermediate cells were larger and had increas- 
ing amounts of myofibrils with a corresponding decrease in 
ribosomes and glycogen. Some cells had well formed sarco- 
meres, but these were out of registry compared with the most 
mature cells. No intercalated discs were identified between 
cells in the graft region. Adjacent myofibers often had inti- 
mately apposed, interdigitating cell membranes. Occasional 
cells were identified with electron-dense membrane structures 
suggestive of intermediate adherens junctions and gap junc- 
tions (Fig. 2, C and D). Some mature myofibers were closely 
associated with mesenchymal cells, located within the basal 
lamina compartment of the myofiber. Their location within the 
basal lamina of the myofiber suggests that they might be new 
satellite stem cells (Fig. 2, E and F). Some of these mesenchy- 
mal cells had abundant rough endoplasmic reticulum, similar 
to fibroblasts. Cells with this morphology have also been de- 
scribed in regenerating skeletal muscle by Trupin et al. (15). 
Their location within the basal lamina of the myofiber and the 



absence of collagen in this space make it unlikely that these 
cells are actually fibroblasts. 

Myoblast grafts convert from fast to slow twitch fibers. 
The poor staining for MHC-fast in the 7-wk group with de- 
layed transplantation seemed at variance with the morphology 
of the grafts, which showed relatively hypertrophic cells with 
well formed sarcomeres. We hypothesized that the grafts had 
undergone fiber type conversion to slow twitch muscles, which 
no longer expressed high levels of MHC-fast. Slow twitch fi- 
bers have physiological similarities to cardiac muscle, includ- 
ing a high capacity for oxidative phosphorylation and fatigue 
resistance. Furthermore, slow fibers use (3-MHC as a major 
contractile protein, which is also the predominant myosin in 
developing rat hearts. In contrast, fast twitch fibers use glycol- 
ysis for ATP production, have a low aerobic capacity and fa- 
tigue rapidly, and do not express p-MHC (16). Therefore, we 
compared p-MHC expression with skeletal MHC-fast, to de- 
termine fiber types in the maturing grafts. 

At 1 wk the grafts stained intensely for MHC-fast (Fig. 3/4) 
but did not stain with an antibody to P-MHC (Fig. 3 B). At 

2 wk the grafts continued to express MHC-fast. In the group 
transplanted immediately after injury no expression of p-MHC 
was noted at 2 wk, yet in grafts transplanted 1 wk after injury 
some cells expressed p-MHC (not shown). At 7 wk after trans- 
plantation the two groups differed in expression of MHC-fast, 
with strong staining in the immediate transplant group (see 
Fig. 1 G) and weak staining in the group where transplantation 
was delayed for 1 wk after injury (Fig. 3 C). However, both the 
immediate and delayed transplantation groups exhibited ex- 
tensive staining for p-MHC at 7 wk after transplantation (Fig. 

3 D). At 3 mo there was continued expression of P-MHC and 
MHC-fast in the immediate transplantation group; we did not 
study the delayed transplantation protocol at 3 mo. Thus, myo- 
blast grafts appeared to be undergoing conversion from fast 
twitch to slow twitch fibers. Conversion appeared to take place 



time Hematoxylin and eosin stain. x800. (B) Low magnification of 1-d graft stained for embryonic MHC. The freeze-lhaw lesion {Wound) oc- 
cupies approximately the upper 75% of the field, while residual subendocardial myocardium (Myo) is present in the lower 25%. None of the 
grafted cells express embryonic MHC, indicating no differentiation had taken place yet. Methyl green counterstain. x80. (C) 3-d graft. Multiple 
multinucleated myotubes (MT) are present. Note that myotubes are already aligned in parallel. The surrounding tissue contains numerous fibro- 
blasts (some of which may be of graft origin), macrophages, and capillaries, characteristic of granulation tissue. Two mitotic figures are present 
at the lower right (arrowheads). Hematoxylin and eosin stain. x80fT{D)Td graft stained for embryonic MHC. The multinucleated myotubes 
(MT) express embryonic MHC. indicated by brown staining. Note faint cross-striations present at the periphery of some myotubes (arrowheads). 
Comparable staining was seen using antibodies to MHC-fast (not shown). Methyl green counterstain. *800. (£) 2-wk graft. Multinucleated my- 
ofibers are present and many have peripherally placed nuclei (arrows); most of these nuclei appear to be within the sarcolemma, although some 
may be immediately external. Cross-siriations were readily seen under the microscope but appear faint in the photograph. Hematoxylin and 
eosin staining. x800. (f) 2-wk graft stained for embryonic MHC. The myofibers of the graft stain vigorously for embryonic MHC while the un- 
derlying granulation tissue (Wound) and subendocardial myocardium (Myo) do not stain. Methyl green counterstain. x80. (G) 2-wk graft 
stained for fast fiber isoforms of MHC There is intense staining of the engrafted myofibers (Graft), indicating that they exhibit a fast twitch phe- 
notype Note that the residual myocardium (Mvo) beneath the graft does not stain, nor does the granulation tissue of the injured re gl on 
(Wound) X80 (H) 7-wk graft stained for embryonic MHC. The graft continues to stain vigorously for embryonic MHC. There is no staining in 
the underlying young scar tissue (Wound) or the residual subendocardial myocardium (Myo). Methyl green counterstam. x80. (/) 7 -wk .graft 
stained for cardiac MHC-a. The skeletal myofibers of the graft do not express MHC-a, nor does the underlying scar tissue (Wound). Th.s indi- 
cates that the grafted skeletal muscle does not show cardiac differentiation. The subendocardial myocardium (Myo) stains vigorously for 
MHC-a Methyl green counterstain. x80. (J) 7-wk graft. Mature myofibers are present. Most myofibers have peripheral nuclei. Cross-stnations 
were readily apparent under the microscope, but again are faint in the photograph. Multiple capillaries are present within the muscle tissue (ar- 
row) Hematoxylin and eosin stain. X800. (K) 3-mo graft. The myofibers (obliquely and cross-sectioned) have peripheral nuclei and are closely 
apposed with little intervening extracellular matrix. The myofibers are hypertrophic compared with the 7-wk grafts (compare fiber diameter with 
7) Most 3-mo grafts had this appearance. Hematoxylin and eosin stain. X800. (L) 3-mo graft. The myofibers (cross-sectioned) in this region are 
encased by dense scar tissue and are atrophic. Note the markedly diminished cell diameters compared with K. Such entrapment of myofibers by 
scar was seen in one region of one heart. Hematoxylin and eosin stain. x800. 
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Figure 2. Transmission electron micrographs of 2-wk-old myoblast graft. The graft was placed immediately after cardiac freeze-thaw injury. (A ) 
Low magnification overview showing well differentiated, striated skeletal myofibers (MF) within a collagen-rich matrix. A small venulg_ (l / ) is 
shown at the left aspect. Nu % nucleus. Bar, 5 M-m. (B) Moderately differentiated skeletal myofiber containing iwo nuclei (Stt\. a modest comple- 
ment of myofibrils (m/), and abundant ribosomes and sarcoplasmic reticulum between the nuclei. The sarcolcmma is delimited by arrowheads. 
Bar. 1 u.m. (C) Intercellular junction formation between adjacent myofibers. The two cells have closely apposed and interdigitated membranes. 
Two electron-dense plaques between the cells are present within the boxed region, suggestive of an adherens type intermediate junction and a 
gap junction, shown at higher magnification in£>. Bar, 1 u,m. (O) Higher magnification of the junctional region boxed in C. showing putative in- 
termediate junction between adjacent myofibers (solid arrow) and gap junction (open arrow). Bar, 0.5 ^m. (,£) Skeletal myofiber (MF) with 
closely apposed mesenchymal cell atop it, suggestive of a satellite cell (SC). The boxed region is shown ai higher magnification in F. Bar, 2 \tn\. 
(F) Higher magnification of region boxed in E. The putative satellite cell (SC) and the myofiber (MF) are contained within the same basal lam- 
ina compartment (BL, outlined by arrowheads). Although the cell has abundant rough endoplasmic reticulum, its location within the basal lam- 
ina of the myofiber and the absence of fibrillar collagen from this space make it unlikely that this is a fibroblast. Bar, 1 u>m. 



more rapidly when cells were transplanted into an injury with 
more advanced healing. 

Proliferation of myoblast grafts. To identify cells undergo- 
ing DN A synthesis, the thymidine analogue BrdU. was admin- 



istered for 24 h before time of kilting in most groups; animals 
in the day 1 group received a single pulse of BrdU 1 h before 
time of killing. Double immunostaining was performed with 
antibodies to the fast isoform of MHC and to BrdU, to detect 
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Fieure 3 Fiber type conversion and proliferation of engrafted skeletal myoblasts. For the fiber typing experiments, rat hearts were : injured by 
fZZ Lw andThe les.ons were allowed to heal for 1 wk. Syngeneic skeletal myoblasts were engrafted into the 1-wk-old wounds. For studies of 

immediately afte^cardiac injury. Rats were ki.led a. the indicated times afte ' transplanta.io .Ant, 
bodies specif To fast twitch (MHC-fast) and slow twitch (fJ-MHC) fibers were used to define fiber types. Processing for frozen sections . ,n A-D 
resulted formation of contraction bands, artifactua. clumping of the sarcomeres due to hypercontracture. BrdU was admmistered 24 h before 
e of m ing To detect DNA synthesis. Double immunos.aining for BrdU and MHC was then performed on paraffin sec ions Appearance o .. 
B TdL °»M "ve nucleus within a myosin-positive cell indicated the myoblast had replicated and fused into the myotube within (he last 24 h. (A 
*T$£i^«t£to*T iso'forms'of MHC. There is intense staining of the engrafted cells, indicating a to, fiber phenotype. Hem. oxy hn 
counte" tain T%0 (B) 1-wk graft stained with an antibody to the slow fiber-specific (3-MHC. None of the grafted cells expres B-MHC a, th, 
"me ind c Li that the cells show no characteristics of slow fibers. Methyl green counterstain. X960. (C) 7-wk graft stained w.th an antibody to 
MH« ^rKweak staining compared with the 1-wk graft (A). Methyl green counterstain. X960. <D> 7-wk graft stained with an antibody 
To a-MHC The grafted cells now express 3-MHC, indicating that they are acquiring a slow fiber phenotype (compare w,th fl) Methyl g een 
oun^"tain £) 3-d graft doubly stained for BrdU (purple) and MHC-fas, (brown). One nucleus w.th.n the myotube stains pu pie a, 

counteKta.n xv^ ^ g * f ; ^ h myotube. The remaining nude, m the myotube do not contain BrdU 

^ ?5Si I— Numeral myosin-negative cells in the surrounding wound tissue also stain positive* for BrdU. Nuclear fas, 



red counterstain. x2,400. 
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Figure 4. Contractile function 
of myoblast grafts ex vivo. 
Wound strips from injured 
hearts receiving either skeletal 
myoblasts or a sham saline in- 
jection were excised at 2 wk. 
Wounds were mounted on an 
isometric tension myograph in 
oxygenated buffer and electri- 
cally stimulated. The carats in- 
dicate the onset of electrical 
stimulation. Force has been 
normalized to cross-sectional 
area. (A) The first panel shows 
individual muscle twitch in a 
myoblast-injected wound. Note 
the rapid contraction and relax- 
ation rates. The second panel 
shows that individual twitches 
began to superimpose with a 
stimulation frequency of 4 Hz, 
with a resulting potentiation in 
developed tension. The third 
panel shows that tetanus was in- 
duced with stimuli £ 7 Hz. Note 
the further increase in tension 
compared with the 4-Hz stimu- 
lation. Time to peak force in 
this preparation was ~ 1 s, 
faster than was typically ob- 
served for the overall group. 
The fourth panel shows that no 
tension was developed at any 
voltage in a sham-injected 
wound. This tracing is represen- 
tative of six wound strips from 
three sham-injected hearts. (B) 
Force-voltage relationship. De- 
veloped tension for individual 
twitches increased as stimuli in- 
creased from 30 to 100 V, indi- 
cating recruitment of addi- 
tional myofibers. Data have 
been normalized to maximal 
developed tension and are pre- 
sented as meaniSEM of eight 
wound strips from six hearts. 
(C) Fatigue test. Wounds con- 
taining myoblast grafts were 
subjected to a cardiac-like duty 
cycle, consisting of repeated ep- 
isodes of 0.33 s of tetanus/0.67 s 
of rest, to mimic a heart rate of 
60 beats/mi n. There was a 53% 
decrease in developed tension 
at the end of the 6-min test. 
Note that most of the diminu- 
tion in force occurred during 
the first 3 min. Data represent 
meaniSEM of seven wound 
strips from five hearts. 



myoblasts which had proliferated and subsequently differenti- 
ated. In the day 1 grafts, proliferating cells were present within 
the necrotic lesion, which could have represented either graft 
cells or macrophages. As mentioned above, none of the cells 



expressed MHC at this time, so it was not possible to deter- 
mine which among these were myoblasts (versus transplanted 
fibroblasts or host macrophages). In the day 3 grafts, occa- 
sional BrdU-positive nuclei were identified within myosin-pos- 
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itive cells (Fig. 3 £). We observed a total of 12 such nuclei in 
three hearts. No attempt was made to quantify this low rate, 
but it was certainly < 1% of total nuclei in myosin-positive 
cells. Virtually no BrdU-positive nuclei were seen in myosin- 
positive cells at 1, 2, or 7 wk after transplantation (not shown). 
We conclude that myoblast proliferation occurs for at least 3 d 
after grafting, but by 1 wk virtually all cells have ceased repli- 
cating. 

Contractile function of myoblast grafts. The contractile prop- 
erties of 2-wk-old myoblast grafts were determined by attach- 
ing isolated wound strips to a tension myograph ex vivo. Virtu- 
ally no spontaneous mechanical activity was detected, consistent 
with the paucity of cardiomyocytes histologically. Electrical 
stimulation caused muscle twitches in six of eight myoblast- 
engrafted hearts (Fig. 4 A, first panel); strips from the remain- 
ing two hearts may have been damaged during sample prepa- 
ration, since skeletal muscle was present histologically. The 
grafts showed a stepwise increase in tension development as 
voltage was increased from 30 to ~ 100 V with a plateau there- 
after (Fig. 4 B). This indicates that increasing voltage recruited 
additional myofibers to contract, implying that the graft myofi- 
bers are electrically insulated from one another. It should be 
noted that cardiac muscle does not increase contractile force 
with increasing voltage, since cardiocytes are coupled electri- 
cally via gap junctions. 

Next, force-frequency relationships were determined, Us- 
ing 120% of the voltage required for maximal tension develop- 
ment, the frequency of stimulation was increased incremen- 
tally from 0.5 to 10 Hz. Twitches began to superimpose at 
frequencies of 3-4 Hz, with a resulting increase in total devel- 
oped tension (Fig. 4 A, second panel). Fully fused tetani were 
produced with 6-7 Hz stimulation (Fig. 4/1, third panel). Peak 
force during tetanus was 1.98±0.45 grams (mean SEM); after 
normalization to cross-sectional area the peak force was 
0.72 ±0.14 grams/mm 2 . The time to peak tetanic force averaged 
2.3±0.3 s, although 90% of peak force was typically generated 
within 1.5 s. The time to half-relaxation after tetanus was 
240±17 ms. It should be stressed that tetanus cannot be in- 
duced in cardiac muscle, due to the long refractory period of 
cardiocytes. 

Finally, a fatigue test was performed to test the response of 
this muscle to a cardiac-like work load. The grafts were sub- 
jected to a duty cycle consisting of repeated 0.33 s of tetanic 
stimuli followed by 0.67 s of rest, mimicking a heart rate of 60 
beats/min. The grafts-showed a 32% decline in developed ten- 
sion by 2 min and a 53% decline by the end of the 6-min test 
period (Fig. 4 C). No contractile activity could be elicited from 
six of seven wound strips from three injured hearts which re- 
ceived a sham injection of saline instead of myoblasts (Fig. 4 A, 
fourth panel). In one sham heart an adhesion had developed 
between the heart and chest wall, resulting in a small amount 
of intercostal muscle adhering to one of the two wound strips. 
In this preparation we detected a peak force of 0.04 grams/ 
mm 2 , < 2% of what was present in the myoblast-engrafted 
hearts. 

Thus, the skeletal muscle grafts could be stimulated to con- 
tract ex vivo and could sustain a cardiac-like duty cycle over a 
6-min test period. Furthermore, the grafts showed two physio- 
logical properties unique to skeletal muscle: recruitment of fi- 
bers with increasing voltage and the ability to sustain tetanic 
contraction. We do not know yet whether the grafts contract in 
vivo. 



Discussion 

The principal findings of this study are: (a) neonatal skeletal 
myoblasts can be grafted into an injured heart; (b) the en- 
grafted myoblasts initially proliferate and then begin to form 
multinucleated myotubes by day 3; (c) the myotubes differen- 
tiate into mature myofibers, which initially have a phenotype 
similar to fast twitch muscle; (d) the myofibers develop charac- 
teristics of slow twitch muscle as the wound heals; (e) the new 
muscle may form satellite stem cells; and (f) the new muscle 
can be stimulated to contract ex vivo. 

Strategies for muscle regeneration after myocardial injury. 
In principal, there are at least three strategies to induce muscle 
regeneration after myocardial infarction. First, the surround- 
ing cardiac myocytes could be stimulated to migrate into the 
wound and proliferate to repair the defect. There is evidence 
that a limited amount of cell replication by adult cardiocytes 
occurs naturally after myocardial infarction in humans (17) 
and in rats (18, 19), but the response is clearly not adequate to 
repair the defect. The factors responsible for cell cycle arrest in 
cardiocytes are not well enough defined at present to begin ex- 
ploring this as a therapy. (The interested reader is referred to 
references 20-23 for further information on this topic.) 

A second strategy is to induce the cells of cardiac granula- 
tion tissue (the fibroblast-rich tissue of wound repair) to differ- 
entiate into muscle rather than forming a scar. There is not 
enough known about cardiac differentiation at present to at- 
tempt formation of new myocardium. However, much more is 
known about skeletal muscle determination. The discovery of 
myogenic determination genes (24, 25) has made it possible to 
induce a wide range of cultured cell types to differentiate into 
skeletal muscle. Recent studies from our group (26) and others 
(27) have shown that cells in cardiac granulation tissue can be 
induced to differentiate into skeletal muscle by transfection 
with the prototype myogenic determination gene, MyoD. In 
these early experiments, however, the frequency of muscle dif- 
ferentiation has been low after MyoD gene transfer. Until the 
frequency of myogenic conversion can be increased, it will be 
difficult to investigate the functional properties of the MyoD- 
induced skeletal muscle. 

The third strategy for muscular repair of infarcts is to trans- 
plant either skeletal or cardiac myoblasts into the injured re- 
gion. Studies by Koh et al. (3) and Soonpaa et al. (2) have 
demonstrated that fetal cardiocytes will form intercalated discs 
with host cardiocytes. including gap junctions and adherens 
junctions, when transplanted into normal hearts. No prolifera- 
tion was detected in the grafted cardiocytes. Less information 
is available on grafting of cardiocytes into injured hearts. Our 
group (28) and others (29, 30) have preliminary data showing 
that neonatal rat or fetal human cardiocytes can be trans- 
planted successfully into injured rat hearts. To our knowledge 
there is no information regarding proliferation of these grafts, 
nor are any functional data available. As discussed above, the 
principal limitation to this approach is the inability to induce 
cardiocytes to proliferate in culture. Until cardiocytes can rep- 
licate in vitro, or proliferation-competent cells can be induced 
reliably to differentiate into cardiocytes, cardiocyte grafting 
will not be feasible in humans. 

In contrast to cardiocytes, proliferating skeletal muscle pre- 
cursors are readily available, either as primary myoblasts in 
developing muscle or as satellite cells from quiescent muscle. 
In this study six rat pups yielded the myoblasts implanted into 
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27 injured hearts. In addition to their growth in culture, the 
myoblasts proliferated in vivo for several days after transplan- 
tation (Fig. 3 £). These properties have led us and several 
other groups to explore skeletal muscle grafting for cardiac re- 
pair. Koh et al. (7) demonstrated that the myogenic cell line 
C2C12 could be transplanted into the hearts of normal synge- 
neic mice, where the cells fused to form multinucleated myofi- 
bers. The same group also demonstrated that C2C12 cells sta- 
bly transfected with a plasmid encoding active TGF-p could 
induce angiogenesis around the graft site (31). No coupling be- 
tween the host cardiocytes and the grafted skeletal muscle was 
observed in either experiment. 

Chiu et al. (8, 9) transplanted autologous satellite cells into 
cardiac freeze-thaw lesions in dogs. Comparable with our 
study, they also found that the grafts formed muscle cells 
within the healing lesion. In distinction to the current study, 
however, they hypothesized that their grafted skeletal muscle 
cells differentiated into cardiac muscle, via "milieu-dependent 
effects." The evidence for a cardiac phenotype was that some 
cells within the grafts had central rather than peripheral nuclei, 
and some cells contained refractile transverse structures under 
light microscopy interpreted to be intercalated discs. Although 
we observed some myofibers with persistent central nuclei in 
this study, as well as rare cells showing intermediate and gap 
junctions (Fig. 2, C and 0), no intercalated discs were present 
by electron microscopy. More importantly, the grafted cells ex- 
pressed skeletal muscle-specific proteins and failed to express 
the cardiac-specific isoform MHChx up to 3 mo after trans- 
plantation. Thus, there clearly was no cardiac differentiation in 
this study. 

Conversion of grafts from fast to slow twitch muscle. Al- 
though the skeletal muscle grafts expressed the fast fiber iso- 
form of MHC at 1 and 2 wk, they expressed (3-MHC, a marker 
for slow twitch fibers, at 7 wk and 3 mo. This indicates that the 
grafts were converting to slow twitch fibers. Conversion was 
apparently more rapid when the myoblasts were injected into 
wounds where healing had been allowed to progress for 1 wk, 
as opposed to immediately after injury. In the delayed trans- 
plantation model the grafts expressed p-MHC at 2 wk, while in 
the immediate transplantation model this protein was not de- 
tected until 7 wk. It is possible that the growth factors and cy- 
tokines present in the early wound delay myoblast differentia- 
tion and subsequent fiber type conversion. 

Slow fibers exhibit several important differences from fast 
fibers, including a slower shortening velocity, use of oxidative 
phosphorylation for ATP production, a higher mitochondrial 
content, a higher myoglobin content, and a much greater resis- 
tance to fatigue (16, 32). An interesting parallel is that the 
latissimus dorsi muscle also undergoes fiber type switching 
when it is conditioned for dynamic cardiomyoplasty. Cardio- 
myoplasty is an experimental therapy for heart failure, where 
skeletal muscle is wrapped around the heart to serve as a ven- 
tricular assist device (33). Untrained latissimus dorsi is a mixed 
fiber type muscle which fatigues rapidly with repeated stimula- 
tion. When conditioned by repeated electrical stimulation for 6 
wk before surgery, however, the latissimus dorsi converts en- 
tirely to slow twitch fibers and becomes fatigue resistant (6). 
Only the conditioned, slow twitch muscle is able to assist car- 
diac function. This parallel suggests the intriguing possibility 
that repeated electromechanical stimulation leads to activation 
of the slow fiber phenotype. Since we did not test whether the 
environment of the heart contributed to fiber type conversion, 



additional experiments will be required to determine the 
mechanism. The fact that the grafts differentiated into slow 
twitch fibers suggests that they may be suited to perform a car- 
diac type work load. 

Will skeletal muscle transplantation augment cardiac func- 
tion? This study definitively showed that myoblast grafting 
can generate new contractile tissue. The skeletal muscle grafts 
exhibited characteristic twitches when stimulated ex vivo (Fig. 
4 A) and showed recruitment of contractile units with increas- 
ing voltage (Fig. 4 B). Furthermore, tetanus could be induced 
with rapid stimulation (Fig. 4 A, second and third panels), and 
the grafts could perform a cardiac-like duty cycle for 6 min 
(Fig. 4 C). Peak force during tetanus averaged 0.7±0.1 grams/ 
mm 2 . Since the wound strips contained < 50% of the myofiber 
content of normal muscle, due to inclusion of scar tissue, the 
force can be normalized to at least 1.4 grams/mm 2 muscle. 
Adult mammalian muscle can generate 15-35 grams/mnf 
force at tetanus, depending on fiber type (14, 34). Thus, the 2-wk 
grafts generated ~ 4-10% of the predicted force for mature 
skeletal muscle. Several factors may cause a lower than pre- 
dicted force, including the relative immaturity of the 2-wk my- 
ofibers, stretching of the immature extracellular matrix, poor 
cell matrix attachments, or misalignment of some fibers rela- 
tive to the axis of the wound strip. 

Although preliminary, these results are encouraging and 
suggest that more detailed studies of contractile function are 
warranted in skeletal myoblast-engrafted hearts. A critical 
question is whether the skeletal muscle grafts contract in vivo. 
To provide coordinated mechanical assistance, the grafted 
cells ideally should form electrical and mechanical junctions 
with the host myocardium. In our grafts the skeletal muscle 
cells were insulated from the remaining myocardium by scar 
tissue, so there was no opportunity for myofiber-cardiocyte 
coupling to occur. Koh et al. (7) transplanted C2C12 myoblasts 
into normal mouse hearts and observed no cell junctions be- 
tween grafted myofibers and host cardiocytes by electron mi- 
croscopy. Although proliferating myoblasts have been reported 
to synthesize both gap junction proteins (35) and /V-cadherin 
(36, 37), these proteins are typically absent from adult skeletal 
myofibers. By electron microscopy we observed evidence both 
for intermediate and gap junction formation between skeletal 
myofibers 2 wk after grafting (Fig. 2, C and £>). This finding 
was infrequent, however, and it is unknown whether such junc- 
tions would persist in longer term grafts. If skeletal muscle will 
not couple spontaneously with cardiac muscle, it is possible 
that such junctions could be induced by stably transfecting 
skeletal muscle cells with genes for cardiac junctional proteins. 
Another possibility is that skeletal muscle grafts could be elec- 
trically paced in synchrony with the cardiac cycle. Pacing 
would require sufficient voltage to activate all of the fibers, 
and currently it is unknown whether this would have a delete- 
rious effect on the surrounding myocardium. 

In the uninjured heart there is a complex fiber geometry, 
where the outer fibers run in the long axis, the midwall fibers 
run in the short axis, and the inner fibers again run in the long 
axis. This geometry is established during embryogenesis and is 
thought to be important for mechanical efficiency. In this 
study, the grafted myofibers were predominantly aligned with 
the short (transverse) axis of the heart. Alignment was noted 
as early as day 3, when myotube formation was prominent 
(Fig. 1 C). This is the same orientation that wound fibroblasts 
and collagen fibers acquire during wound healing, and it seems 
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likely that all are aligned by local mechanical forces. It is not 
known whether alignment with the heart's short axis will influ- 
ence the ability of these myofibers to restore mechanical func- 
tion after injury. 

There are two aspects of skeletal muscle which theoreti- 
cally could make it superior to cardiac muscle for infarct re- 
pair. First, skeletal muscle is much more resistant to ischemia 
than cardiac muscle. Skeletal muscle can withstand many 
hours of severe ischemia without becoming irreversibly in- 
jured, whereas in myocardium irreversible injury begins within 
20 min (38). A second difference is that skeletal myoblast 
grafts might establish satellite cells. Satellite cells are the resi- 
dent stem cells in skeletal muscle and proliferate in response to 
injury. Once activated, satellite cells can fuse with damaged 
myofibers or establish new myofibers to replace those lost to 
necrosis. We observed cells within 2-wk grafts which were 
morphologically consistent with satellite cells by electron mi- 
croscopy (Fig. 3, E and F). Thus, it is possible that infarcts re- 
paired with skeletal myoblasts might become more resistant to 
a subsequent episode of ischemia or might be able to replace 
myofibers damaged by ischemia. 
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Regeneration of Human Infarcted Heart 

Muscle by Intracoronary Autologous Bone Marrow 

Cell Transplantation in Chronic Coronary Artery Disease 

The IACT Study 

Bodo E. Strauer, MD,* Michael Brehm, MD,* Tobias Zeus, MD,* Thomas Bartsch, MD,* 
Christina Schannwell, MD,* Christine Antke, MD,t Rudiger V. Sorg, PHD,t Gesine Kogler, PrlD,t 
Peter Wernet, MD,t Hans-Wilhelm Muller, MD,t Matthias Kostering, MD* 
Dusseldorfi Germany 

OBJECTIVES Stem cell therapy may be useful in chronic myocardial infarction (MI); this is conceivable, but 

not yet demonstrated in humans. 
BACKGROUND After acute MI, bone marrow-derived cells improve cardiac function. 
METHODS We treated 18 consecutive patients with chronic MI (5 months to 8.5 years old) by the 

intracoronaiy transplantation of autologous bone marrow mononuclear cells and compared 

them with a representative control group without cell therapy. 
RESULTS After three months, in the transplantation group, infarct size was reduced by 30% and global 

left ventricular ejection fraction ( + 15%) and infarction wall movement velocity (+57%) 

increased significandy, whereas in the control group no significant changes were observed in 

infarct size, left ventricular ejection fraction, or wall movement velocity of infarcted area. 

Percutaneous transluminal coronary angioplasty alone had no effect on left ventricular function. 

After bone marrow cell transplantation, there was an improvement of maximum oxygen 

uptake (Vo 2maxl +11%) and of regional l8 F-fluor-desoxy-glucose uptake into infarct tissue 

(+15%). 

CONCLUSIONS These results demonstrate that functional and metabolic regeneration of infarcted and 
chronically avital tissue can be realized in humans by bone marrow mononuclear cell 
transplantation. 0 Am Coll Cardiol 2005;46:1651-8) © 2005 by the American College of 
Cardiology Foundation 



Cardiac performance after myocardial infarction (MI) is 
compromised by ventricular remodeling, which represents a 
major cause of late infarct-related chronic heart failure and 
death (1,2). Although conventional drug therapy (e.g., with 
beta-receptor blockers and/or angiotensin-converting en- 
zyme inhibitors) may delay remodeling, there is no basic 

See page 1659 



therapeutic regimen available for preventing or even revers- 
ing this process. By the use of interventional therapeutics 
(percutaneous transluminal coronary angioplasty [PTC A], 
stent), recanalization of the occluded infarct-related artery is 
possible, thereby improving or normalizing coronary blood 
flow. However, despite sufficient reperfusion of infarcted 
tissue, the viability of the infarcted myocardium cannot, or 
can only insufficiently, be improved in most of these patients 
(3). Therefore, catheter-based therapy of acute MI is useful 
for vascular recanalization, but the second and crucial step, 
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the regeneration of necrotic heart muscle, is not realized by 
this vascular procedure alone. 

Experimental (4) and clinical (5,6) studies have shown 
recendy for the first time that bone marrow mononuclear 
cells (BMCs) may regenerate damaged myocardium in acute 
MI in humans. Because the regenerative potential of bone 
marrow-derived cells ought also to be expected to exist in 
chronically ischemic heart disease as well (7-12), we have 
assembled in an ongoing clinical investigation 18 patients 
with chronic MI to prove this new therapeutic possibility. 

METHODS 

Study population. All 18 patients (49 ±11 years) were 
men and were recruited consecutively from January 2003 
until March 2004. They had had transmural MI 27 ± 31 
months before, at which point all infarcts had been treated 
acutely by PTCA and/or stent implantation (Table 1, Fig, 1). 

The inclusion criteria were age <70 years, one-vessel 
disease with an open infarct-related artery at the time of 
stem cell therapy, sinus rhythm, a clear-cut demarcation of 
the ventriculographic infarct area, and no coronary bypass 
surgery. General exclusion criteria were severe comorbidity 
and alcohol or drug dependency. Although chronically 
infarcted myocardium usually does not regenerate sponta- 
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Abbreviations and Acronyms 

BMC - bone marrow mononuclear cell 
83 creatine phosphokinase 
= electrocardiogram 
*= left ventricular 
» myocardial infarction 
= positron emission tomography 
- percutaneous transluminal coronary 

angioplasty 
: transplantation group 



CPK 
ECG 
LV 
MI 
PET 
PTCA 

Tx group 



neously, for comparison a control group, parallel to the 
recruitment of the stem cell transplantation group (Tx 
group), was recruited and analyzed, meeting the same 
inclusion criteria as the stem-cell group. The recruitment of 
patients was performed according to a randomization pro- 
cedure in which all patients of the entire chronic infarction 
group were distributed to the treatment group, where they 
agreed with all the therapeutic regimen. Alternatively, all 
patients of the chronic infarction group who refused the 
therapeutic regimen (bone marrow puncture and aspiration, 
intracoronary cell transplantation, and another cardiac cath- 
eterization) were allocated to the control group. All medi- 
cations with angiotensin-converting enzyme inhibitors and 
with beta receptor blockers were maintained constant dur- 
ing the study period. 

The cell-treated patients had stable ventricular dynamics 
for infarct size, ejection fraction, and wall movement velocity 
of infarcted area at least 9 ± 6 months before cell transplan- 
tation. Infarct size at the time of cell therapy showed an 
amount of 27 ± 8% of the circumference of the left ventricle 
(LV), determined by ventriculography. 
Preparation of BMCs. One day before cell therapy, bone 
marrow was taken (80 ml from the iliac crest) and mono- 
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nuclear cells were isolated and identified including CD34- 
posmve cells, ACl33-positive cells and CD45/CD14 neg- 
ative cells (6). The cells were isolated under good 
manufacturing practice conditions by FicoU density separa- 
tion on Lymphocyte Separation Medium (Bio Whittaker 
Walkersville, Maryland), before the residual erythrocytes 
were iysed with H 2 0. For overnight cultivation, 1 X 10 6 
BMCs/ml were placed in Teflon bags (Vuelife, Cell Gcnbc 
Gaithersburg, Maryland) and cultivated in X-Vivo 15 Me- 
dium (Bio Whittaker) supplemented with 2% heat- 
inactivated autologous plasma. The next day, BMCs were 
harvested and washed three times with heparinized saline 
before final resuspension in heparinized saline. Viability was 
J 3 AT ; A 3 J; Heparinization and filtration (cell strainer, 
rALCON) was carried out to prevent cell clotting and 
microembolization during intracoronary transplantation 
These cells were used for therapy. All microbiologic tests of 
the clinically used cell preparations proved negative. All 
patients received extensive information about the procedure, 
which was approved by the ethical committee of our 
university, and all gave written informed consent. 
Administration of BMCs. Following assessment of base- 
line examinations (coronary angiography, left ventricu- 
lography, spiroergometry, 99m Tc-tetrofosmin single- 
photon emission computed tomography (SPECT) and 
F-fluor-deoxy-glucose ( 18 F-FDG) positron emission 
tomography (PET), cell transplantation was performed 
via the intracoronary administration route (6,13) using 
four to six fractional infusions parallel to balloon inflation 
over 2 to 4 min of 3 to 5 ml of cell suspension, each 
containing 15 to 22 X 10 6 mononuclear cells. All cells were 
infused directly into the infarcted zone through the infarct- 
related artery via an angioplasty balloon catheter, which was 
inflated at a low pressure (2 to 4 atm) and was located within 
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Characteristics 



No. of patients 
Age, yrs 

Transmural myocardial infarction, months before Tx 
Coronary angiography 

LAD/LCX/RCA as affected vessel 

No. of patients with stent implantation 
Risk factors 

Diabetes mcllitus, % 

Positive family history, % 

Smoker and ex-smoker, % 

Hyperlipoproteinemia, % 
Medication 

Beta-blocker, % 

Angiotensin-converting en2yme inhibitor, % 
Statin, % 
Laboratory parameters 
CPK.U/1 

Bone marrow mononuclear cells, n (10* X) 



Tx Group Control Group 



18 
49 ± 11 
27 ±31 

16/0/2 
16 

16 
44 
67 
89 

94 
94 ' 
94 

1,504 ± 979 
90 



18 
52 ± 10 
30 ±34 

10/3/5 
17 

11 

33 
56 
94 

89 
89 
100 

1,489 ± 952 



NS 
NS 



NS 

NS 
NS 
NS 
NS 

NS 
NS 
NS 

NS 



Values arc mean ± SD or number of patients. 

Dr ^ ? Ratine phosphokinase; LAD - left anterior descending coronary artery, LCX 
~ n « ht coronary artery, Tx = intracoronary bone marrow stem cell transplan ration. 



' left circumflex coronary artery; 
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Acute Infarct 
27 ± 31 Months 
before Tx 



Investigation 1 
9 ± 6 Months 
before Tx 



Investigation 2 



Investigation 3 



Balloon angioplasty 
or stent for therapy 
of the acute Infarct 




n=18 



Control Group | — 



n=18 



Stem Cell Therapy | -{a) 



Cardiac catheterization 
coronary angiography 
infarct artery open, 
or Re-PTCA 



t 



Cardiac 
catheterization 
coronary angiography 



Cardiac 
catheterization 
coronary angiography 
Infarct artery open 

I 

Bone marrow puncture 
Stem cell Tx 

Th^TnL^™^ ° c "P" sentatio " ° f * e ^th™ of intracoronary stem cell therapy (Tx) in chronic ischemic heart disease after myocardial infarction 
The mfarcts occurred 27 ± 31 monAs before Tx. All infarct parients were treated with percutaneous transluminal coronary mS^OTCM^, w?,h 
^"T^rc A 6 m ° nt . hS Uw ^ 0 l « angiography (includinrquamitative left ^JSS^&S^Z^ 

was present, re-FTCA was made, nvesngation 2 embraces all patients for the evaluation of coronary morphology arW PTCA/s^nt OrX' DarienTwTth 
and T," hv IT ^ W r mdUded b ° th who agreed to Tx received withhUO dTys afKerig rio" 5 bone ^m^ow punches 

and Tx by the mtracoronary adm.nutranon route and had altogether five invasive investigations, including two for therapeutic <°2Z7mn 0 17 V 
Pat.ents who were not ehgible for Tx disagreement with bone marrow puncture and with subseouenr TxWen,r I T?^Hl i • • \ 

represent all follow-up measurements 3 months after Tx (Tx patients) or'after investigJZ ^ZZJ^lZL ^ ^P*™ 3 



the previously stented coronary segments. This prevented 
backflow of cells and produced stop flow beyond the site of 
balloon inflation to facilitate high-pressure infiltration of 
cells into the infarcted zone. Prolonged contact time for 
cellular migration was also enabled. Three months after 
catheter-guided cell transplantation, all functional tests were 
repeated, including coronary angiography and left ventricu- 
lography. There were no procedural or ceU-induced com- 
plications, and there were no side effects in any patient. 
Spiroergometry. Aerobic exercise capacity was examined 
before (<10 days) intracoronary cell transplantation and 
three months later during follow-up. All patients (n = 18) 
were subjected to initial bicycle spiroergometry to assess 
their functional fitness and to determine the limit of safe 
intensity of exercise. We chose a protocol with an intensi- 
fied workload up to the symptom-limited maximum (basic 
load of 50 W, intensification at 25 W, 2-min duration of 
each workload step). We determined the anaerobic thresh- 
old for prescribing a suitable load intensity. During the 
whole spiroergometry, monitoring by a 12-lead electrocar- 
diogram (ECG) was carried out. The exercise capacity was 
assessed on the basis of maximum load levels expressed in 
watts (W m J and maximum peak oxygen uptake (Vo 2max ). 
Coronary angiography and left ventriculography. Coro- 
nary angiography and biplane left ventriculography were 
performed 9 ± 6 months before cell transplantation and also 
a second time, within 10 days, immediately before cell 
therapy. The therapeutic follow-up was three months after 
the treatment. Thus, stable baseline conditions were docu- 
mented (coronary vessel involvement, ventricular function, 
and geometry). Cardiac function was evaluated by left 



ventricular (LV) ejection fraction and by auxotonic myocar- 
dial contractility index, evaluated by the wall movement 
velocity of the infarcted area. The infarct size was calculated 
according to the method of Sheehan (14) by plotting five 
axes perpendicular to the long axis of the heart in the main 
akinetic or dyskinetic segment of the ventricular wall. 
Systolic and diastolic lengths were then measured by two 
independent observers, and the mean difference was divided 
by the systolic duration in seconds. 

Quantification of coronary stenosis (restenosis). Cineco- 
ronarangiograms were obtained during stem cell transplan- 
tation and at three months thereafter according to standard 
acquisition guidelines. The angiograms were evaluated by 
two independent observers and quantitative analysis was 
performed (15). Standard morphologic criteria were used to 
characterize the complexity of baseline lesions. The user- 
defined reference diameter proximal to the stenosis and the 
minimal luminal diameter within the culprit of the stenosis 
were used to calculate the percentage of stenosis. A value of 
0 mm was assigned for the minimal luminal diameter in case 
of total occlusion at baseline or follow-up. Restenosis was 
defined as >50% stenosis of the initial target lesion at 
follow-up. Calculations of restenosis were performed in 
both groups, with and without stem cell therapy, in the 
same way, thus enabling evaluation the differential effects of 
PTCA-guided cell therapy and of PTCA effects alone. 
Ventricular function after PTCA in the control group. 
For the evaluation of a potential effect on the PTCA 
intervention itself on LV function, all patients in the control 
group were analyzed with regard to infarct size, ejection 
fraction, and infarction wall movement velocity. 
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Nuclear cardiologic investigations (PET and SPECT). 

I8 F-FDG-positron emission tomography ( 18 F-FDG PET) 
was performed with a Scanditronix SCX 4096 WB-Scanner 
(FWHM = 6 mm transaxial, axial field of view = 4.6 cm). 
Patients received an oral glucose load of 1 g/kg body weight 
80 ± 30 min before the intravenous application of 18 F- 
FDG (380 ± 60 MBq). The 18 F-FDG was administered at 
the time of decrease of blood glucose level <130 mg/dl. An 
initial transmission scan was obtained using a 68 Ga-fHled 
pin source to correct the subsequent emission scans for 
attenuation. The data acquisition was started 45 min after 
administration of FDG. Image data were recorded with a 
256 X 256 matrix in 3 consecutive bed positions over 15 
min per position. The data were reconstructed back- 
projected with a Hanning filter (5 mm). 
99m Tc-tetrofosmin SPECT. Sixty minutes after intrave- 
nous injection of 600 ± 140 MBq of the perfusion- marker 
99m Tc-tetrofosmin under a "rest" condition, the images 
were obtained using a SPECT scanner with double-head 
detector (PRISM 2000, Marconi/Phillips), a low-energy, 
high-resolution collimator, and a 128 X 128 matrix. Image 
data were collected over 360° at 3" every 30 s. The images 
were reconstructed backprojected with a low-pass filter 
(order 12, cutoff 0.2). 

PET and SPECT evaluation. Normalized values for 
FDG uptake and perfusion were calculated by comparing 
regional with maximum tracer uptake on the reconstructed 
images. We performed a regional analysis of glucose me- 
tabolism and perfusion using a set of standardized, individ- 
ually adjusted circular regions of interest (diameter 18.06 
mm, surface 256 mm 2 ). The reconstructed metabolic and 
perfusion images were realigned for each patient (MPI- 
Tool, version 3.0; Advanced Tomo Vision, Erftstadt, Ger- 
many) and were resliced according to cardiac axis (short-axis 
and horizontal and vertical long-axis views). The regions 
were positioned immediately neighboring, with no overlap, 
according to an overlay of the co-registrated metabolic and 
perfusion images. The regions covered the infarct lesion as 
weJl as normal myocardium. In this way, we generated 
templates of regions for each patient, which could be used 
for the evaluation of metabolism and perfusion, before and 
after BMC transplantation without further modification. 
According to Segall et al. (16), regions with a normalized 
FDG uptake <50% were rated as transmural scar and 
regions with an uptake of 50% to 60% as non-transmural 
scar. 
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Further analysis was restricted to regions with FDG 
uptake <60% in the PET scans, pursuant to our intention 
to focus on the effects of BMC transplantation on scar 
tissue. 

Safety parameters. To assess any inflammatory response 
and myocardial reaction after cell therapy, white blood cell 
count, the serum levels of C-reactive protein (CRP) and of 
creatine phosphokinase (CPK) were determined immedi- 
ately before as well as after treatment. Additional analysis was 
done directly after transplantation and three months later: 
ECG at rest, 24-h Holter ECG, and echocardiography. 
Statistical analysis. All data are presented as mean ± SD. 
Statistical significance was accepted when p < 0.05. Intra- 
individual comparison of variables of investigation 1 (9 ± 6 
months before cell transplantation for Tx group, 9 ± 5 
months before investigation 2 for control patients) and 
investigation 2 (<10 days before cell transplantation for Tx 
group, no transplantation for control patients) and of 
variables of investigation 2 and follow-up investigation 3 (3 
months after cell therapy for Tx group, 8 ± 5 months after 
investigation 2 for control patients) was performed using 
Wilcoxon rank-sum test. The missing values (Table 2) were 
omitted and not calculated for statistical analysis. The 
p values (by analysis of variance) have been given for LV 
ejection fraction, area of infarction, and infarction wall 
movement velocity. Statistical analysis was performed with 
SPSS-Windows 10.1 software. 

RESULTS 

Three months after intracoronary cell therapy, the infarct 
size was reduced by 30%, whereas the global LV ejection 
fraction increased by 15% and regional infarct wall move- 
ment velocity by 57% (Tables 2 and 3). In parallel, the 
clinical performance improved (Tabic 4), as evidenced by a 
higher work load demonstrated by a 11% increase in 
maximum oxygen uptake (Vo 2max ). SPECT investigation 
presented enhanced tetrofosmin uptake in the infarcted 
zone by 5%, and PET examination showed enhanced 
glucose uptake in the infarcted zone by 15%, demonstrating 
regeneration of formerly avital, chronically infarcted heart 
muscle (Fig. 2). An unchanged or even impaired LV 
function was not observed in any patient. 

In the control group (18 patients with chronic MI, but 
without stem cell therapy) no significant changes were 
observed in infarct size, LV ejection fraction, or wall 



Table 3. Cardiac Parameters in the Transplantation Group and in C ontrol Group at the Three Investigation Time Points 

Area of Infarction, % LV Ejection Fraction, % Infarction Wall Movement Velocity, cm/a 

Control Control Control 
Group Tx Group p Value* Group Tx Group p Value* Group Tx Group p Value* 

Investigation 1 25 ± 9 26 ± 7 0.99 S3 ± 10 53 ± 8 0.87 1.95 ± 0.66 1.80 ± 0.63 0.57 

Investigation 2 27 ± 9 27 ± 8 0.83 51 ± 10 52 ± 9 1.00 1.88 ± 0.76 1.86 ± 0.70 0.94 

Investigation 3 26 ± 9 19 ± 9 0.02 52 ± 10 60 ± 7 0.02 1.91 ± 0.79 2.92 £ 0.91 0.001 



'Analysis of variance. 

Abbreviations as in Tabic 1. 
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Table 4. Positron Emission Tomography and Spirocrgomctry Before and After Stem Cell 
Therapy in Chronically Infarcted Myocardium 





l8 F-FDG-Positron Emission 
Tomography 


Vo lmitt , Spiroergometry 




FDG Uptake, % Difference in % 


ml/min 


Difference in % 


Investigation 1 
Investigation 2 
Investigation 3 
p (WikcKon test) 


none 

43.8 ± 8.0 \> + 15 
50.5 ± 11.6 ^ 
0.012 


none 
1,602 ± 533 
1,776 ± 523 
0.0001 





lK F-FDG - 1B F-fluor-dcoxy-glucosc; Vo 2mwt « maximum oxygen uptake. 



movement velocity of the infarcted area (Figs. 3A to 3C). 
Electrocardiogram at rest and on exercise and 24-h Holter 
ECG revealed no rhythm disturbances at any time point. 
Only 1 patient (from 18 cell- treated patients, 6%) developed 
relevant restenosis due to quantitative angiographic criteria. 
The restenosis could be treated adequately by stent implan- 
tation. The other 17 patients showed good patency rates 
without restenosis after PCI and cell transplantation. They 
also revealed no alterations in LV function 8 ± 5 months 
after PTCA. 

There was no inflammatory response or myocardial reac- 
tion (white blood cell count, CRP, CPK) after cell therapy, 
despite a moderate increase in CRP (before cell transplan- 
tation 0.58 ± 0.48 mg/dl, after cell transplantation 1.07 ± 
0.73 U/l, p = 0.002), which is usual after bone marrow 
puncture and/or cardiac catheterization. 

DISCUSSION 

The results of these investigations demonstrate, for the first 
time, that the intracoronary transplantation of autologous 
bone marrow mononuclear cells may reduce infarct size and 
improve LV function as well as myocardial glucose uptake 
in chronic ischemic heart disease attributable to chronic MI 
(5 months to 8.5 years old). Infarct size decreased in all 
patients and cardiac performance (ejection fraction, wall 
movement velocity of infarcted area, maximum oxygen 
uptake, and exercise tolerance) and myocardial metabolism 
(FDG-PET) improved, all being between 11% and 57%. 
Furthermore, it is noteworthy that there were no compli- 
cations immediately or three months after cell transplanta- 
tion, especially that there was no cardiac arrhythmia and no 
signs of cardiac or systemic inflammation were present. 

Lateral 



Apex 



The effects of stem cell transplantation on infarct size, 
cardiac function, and contractility demonstrate significant im- 
provement of these three parameters in the therapy group 
(before and after stem cell therapy) as well as in the comparison 
between the stem cell therapy group and the control group, 
thus giving evidence for a beneficial therapeutic effect of stem 
cell therapy on cardiac performance in chronic MI. 

Patients in both the stem-cell group and the control 
group were recruited in parallel to each other and consec- 
utively between January 2003 and March 2004. They all 
(n — 36) fulfilled the same inclusion criteria. Thus, 
representative patient characteristics were present for the 
stem cell group (n = 18) and the control group (n = 18) 
as well as in comparing both of them. Moreover, two 
subsequent investigations before stem cell transplantation 
have been performed for each patient: investigation 1 and 
2 demonstrated the stability of LV dynamics before cell 
therapy (9 months respectively 10 days before transplanta- 
tion) and investigation 3 compared the effects of stem cell 
therapy with the control group. The stable hemodynamics 
during the preceding 9 ± 6 months before stem-cell therapy 
and the stable hemodynamics within the control group at all 
three points of investigation underline the significant alter- 
ations of the left ventriculography-derived parameters in- 
vestigated after stem cell transpantation. 

The regenerative potential of bone- marrow- derived stem 
cells may be explained by any of four mechanisms: 1) direct 
cell differentiation from mononuclear cells to cardiac myo- 
cytes (17), 2) cytokine-induced growing and increase of 
residual viable myocytes, especially within the border zone 
of the infarcted area (18), 3) stimulation of intrinsic myo- 
cardial stem cells (endogenous stem cells) (19,20), and 4) 




Baa© 



Septal 

Figure 2. Representative illustration of l8 F-FDG -positron emission tomography (PET) before (above) and 3 months after (below) cell therapy in the 
transversal (left) and longitudinal (right projection) in a 30-year-old male patient with an 8- month-old antcroapical infarction. Note the restoration of 
glucose uptake (below) within the infarcted area of the formerly completely avital antcroapical myocardium. 
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Figure 3. Illustration of the mean values of (A) area of infarction, (B) 
ejection fraction, and (C) infarction wall movement velocity, determined by 
quantitative left ventriculography in both groups (control group vs. trans- 
plantation [Tx] group) at the point of time; investigations 1, 2, and 3. 
Comparision of both groups with chronically infarcted myocardium (conrol 
group vs. Tx group), n = 18 patients. Investigation 1 was 9 ± 6 months 
before cell transplantation (controls: 9 ± 5 months before percutaneous 
transluminal coronary angioplasty [PTCA]); investigation 2 within 10 days 
before cell tranplantation (controls: at the time point of PTCA) and 
investigation 3 was three months after cell transplantation (controls: 8 ± 5 
months after PTCA). Note the significant decrease of infarct size and the 
increase in ejection fraction and in contractility (infarction wall movement 
velocity) 3 months after cell therapy in comparison with the control group. 
*p = not significant (investigation 2 vs. investigation 3); #p = 0.001 
(investigation 2 vs. investigation 3). 



induction of cell fusion between transplanted bone marrow 
cells and resident myocytes (21-24). 

Transdifferentiation has been described by previous in- 
vestigators (4); however, it has been questioned by recent 
experimental studies (25). The influence of cytokines has 



shown to restore coronary blood vessels and muscle cells 
after experimental myocardial infarction. This regeneration 
of blood vessels and muscle cells is most pronounced in the 
border zone of ischemic and/or infarcted tissue (26), dem- 
onstrating an enhancement of mitotic cells and cell cycles up 
four-fold, when compared to areas remote from the necrotic 
myocardium. Moreover, mononuclear bone marrow stem 
cells contain a lot of cytokines (VEGF, insulin-like growth 
factor, platelet-derived growth factor, and so on), thereby 
stimulating residual normal myocytes for regeneration and 
proliferation and instrinsic myocardial stem cells (endoge- 
nous stem cells) for cell regeneration and for cell fusion 
(27-31). 

Mitotic indexes are three to four times more frequent 
within the border zone of myocardial necrosis when com- 
pared with non-injured heart muscle (26). Moreover, 20% 
to 40% of intracoronarily transplanted bone-marrow- 
derived stem cells may be accumulated within the border 
zone of ML There were no signs of apparent microcircula- 
tion disturbances because all patients had Thrombolysis In 
Myocardial Infarction flow grade 3. Thus, it is conceivable 
that in MI the border zone represents the optimum "niche" 
for exogenously transplanted stem cells, stimulating mitosis 
rates and heart muscle regeneration, preferably originating 
in and expanding from these areas. Cell fusion may also 
contribute to heart muscle regeneration, which takes its 
origin from the border zone, expanding gradually to the 
necrotic core of the infarcted area. 

Our study cannot determine which cell-biologic and 
molecular mechanims are responsible for heart muscle repair 
or which of the studied factors may play the predominant 
role. However, the final functional outcome of this cell therapy 
demonstrates three main target effects: improvement in 
muscle function (pumping ability and contractility), myo- 
cardial perfusion (SPECT), and myocardial glucose metab- 
olism (PET), thus giving evidence that heart muscle repair 
must have taken place by this intracoronary bone marrow 
cell transplantation procedure. 

The clinical significance of this novel therapeutic ap- 
proach may embrace a large number of patients with chronic 
coronary artery disease, preferably after previous or long- 
standing MI. It is conceivable that remodeling after infarc- 
tion may be ameliorated or even stopped by this procedure. 
Thus, cell therapy may represent a new option of basic and 
causal therapy in chronic infarcted myocardium. It is an 
open question whether variations of the amount and kind of 
bone marrow cells, the administration technique, and the 
transplantation procedure itself, by enhanced environment 
and improvement of the angiogenic micromilieu, can fur- 
ther improve the milieu-dependent differentiation or regen- 
eration of bone marrow cells in chronic infarcted heart 
disease. Therefore, our clinical results represent a stable basis 
to proceed to the next necessary step: to a larger prospective 
randomized study. 
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stem cell transplantation — 50 years of progress 
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Abstract: In the 1950s, the first infusions of hematopoietic stem cells 
were given as a form of treatment for childhood leukemia. This heralded 
the beginning of a field that has expanded to include the treatment of 
immune deficiencies, a variety of teukemias and solid tumors, acid then 
genetic diseases, A number of milestones are highlighted, particularly in 
regard to the use of alternative sources of hematopoietic stem cells such 
as unrelated donors, peripheral bipod stem cells arid umbilical cord stem 
cells. In addition, newer techniques of using non-mydoablutivc 
preparative regimens helped to reduce the toxicity and long-term 
consequences of hematopoietic stem cell transplant. Many diseases now 
benefit from the replacement of the marrow stem cells and the provision 
of a new immune system and improved immune surveillance. 
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With the development of the age of atomic energy 
and interest in radiation, there developed an 
appreciation of the potential harm or radiation 
and the side-effects of exposing those in the 
industry to its effects, as well as the consequences 
of using atomic weapons. With this came an 
interest in understanding sensitivity to radiation 
and an appreciation for the hematopoietic 
toxicity it caused (I). In 1955-56, it was shown 
that mice could be protected from the lethal 
effects of total body irradiation with an infusion 
of allogeneic marrow, and in fact mice given an 
allogeneic marrow infusion could subsequently 
permanently accept a skin graft from the same 
marrow donor (2-4). These and other experi- 
ments showed clearly the radiation protective 
effect of transferring-in new ceils and the 
development of a form of long-term chimerism 
and tolerance (5-10). 



Abbreviations: ALL. aputc lymphocytic leukemia; DLL 
delayed lymphocyte infusions. 



In this brief report, a number of milestones will 
be highlighted from the development of our 
current knowledge base in the field of pediatric 
hematopoietic stem cell transplantation 
(Table 1). Even the words ^hematopoietic stem 
cell transplantation* have evolved over time. 
Most work in this field of blood formation 
began using bone marrow. Blood as a source of 
peripheral stem cells was used with syngeneic 
transplants during the 1950s and 1060s (11, 12). 
However, our appreciation of the value of 
peripheral blood stem cells did not come about 
until the late 1980s and early 1990s (13). In the 
1970s, the use of fetal liver tissue as a source of 
hematopoietic stem cells was investigated and 
applied in children with immune deficiencies (14). 
Early in their development, hematopoietic stem 
cells migrate from the yolk sack to trie liver and 
temporarily make a home there before migrating 
to the spleen and bone marrow. Since that time in 
the 1980s, umbilical cord blood has been utilized 
as u source of hematopoietic stem cells. 
Motivated by the high concentration of these 
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Table 1 Milestones in pediatric hematopoietic stem cell transplantation 

1 Experimental work 

2 Initial work with children 

3 Immune deficiencies 

4 Selection of patterns 

5 Acuto myelogenous tcukemins 

6 NetHoblasinma 

7 Adding donors 

B Peripheral stem cell transplants 

9 Cord blood transplants 

10 Genetic diseases 

1 1 Non myeleaBJatfve transplants 
I? Conclusions 



cells during feial development and soon after 
birth, the use or stem cells have been expanded w 
vitro and also been used for transplant purposes 
(15). More recently, the words •'stem cells' have 
taken on a new meaning because they describe 
cells which are usually obtained from early 
blastocysts or embryos. These cells have the 
capability of Forming tissues or* in some cases, a 
whole living being. Thus, pediatric marrow 
transplantation has taken on new meaning and 
the sources or t hese hematopoietic stem cells have 
been expanded. This accounts for the change in 
name from pediatric marrow transplantation to 
pediatric hematopoietic stem cell transplantation. 



Experimental work 

Out of the atomic age and the atomic bomb 
experience came the work of the tote 1940s and 
1950s on protection from the hematologic effects 
of irradiation ( 16). A number of animal models 
were developed, and from this came the under- 
standing that infusions of allogeneic marrow 
from inbred strains of mice could protect 
allogeneic irradiated mice (4, 8, 9) Infusions of" 
marrow from related mice could ai$o induce a 
tolerance to skin grafts (5). This led the way to an 
understanding of the cellular protective effects of 
infusions of marrow in otherwise irradiated 
individuals. 



Initial woifc with children 

In the 1950s, Thomas and others published their 
groundbreaking experience with infusions of 
syngeneic marrow into twins with leukemia 
who had been treated with supralethal doses of 
total body irradiation (12, 16). the prompt 
hematologic recovery and welt being oF these 
children against more than twice the lethal dose 
of irradiation attested to the protective effects of 
the marrow. However, these experiments took 
place during the initial phases of transplantation 



and also during the time of our initial leukemia 
trials, as we tried to understand how best to treat 
that disease. The role of continuation and 
maintenance chemotherapy in the treatment of 
childhood leukemias was not understood at all, 
nor were there very many chcmothcrapcutic 
agents from which to choose: As a result, by 
current standards these children were inade- 
quately treated for their underlying leukemia 
Hhd unfortunately Had a subsequent recurrence of 
their underlying disease. This experience does not 
speak to a failure of transplantation but rather to 
a failure ofour understanding of how to best treat 
leukemia back in the 1950s. It speaks to the fact 
that infusions of hematopoietic stem cells can 
provide a protective effect from the hematopoie- 
tic-suppressive effects of total body irradiation 
(17). 

Soon after this, work began in closely related 
dog litter mates and this provided us with a sound 
scientific baste for most, if not all. of the future 
work to come out of the Seattle bone marrow 
transplant group and other groups around the 
world {7, 10). 



Immune deficiencies 

In the 1960s, a group from Minnesota used tissue 
typing to select a sibling morrow donor for a child 
with severe combined immune deficiency (14). 
The infusion of marrow provided immunologic 
recovery for this child, who is currently alive and 
in his 30s (14). Again, this milestone in the 
development of pediatric hematopoietic stem cel l 
transplantation provided a basis for large num- 
bers of transplants for children with a variety of 
immune deficiencies and set the stage for utilizing 
hematopoietic stem cell transplants to correct the 
hematopoietic and immunologic deficiencies 
induced by large doses of chemotherapy and 
radiation that are employed to treat underlying 
malignancies (18, 19). Although a number of 
other cellular and humoral factors have been 
utilized to treat immune deficiencies, none have 
been as successful as the use of hematopoietic 
stem cells (14, 20). Although the first child to 
receive such a transplant had severe combined 
immune deficiency and required no preparative 
therapy, our understanding of these many 
immune deficiencies has increased over time to 
include a realisation that some of these children 
require immune suppression or oblation in order 
to make room for a new graft or to prevent stem 
cell graft rejection (21). These techniques, of 
making a space for new stem cells resulted, in 
some cases, in incomplete cngraftment or in 
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Table 2. Indications for bone marrow transplantation 

Malignant disorders. 

leukemia 

Acute myeloblast* leukemia 

Acute lymphoblastic leukemia 

Chruruc myelogenous leukemia (adult type) 

Ctuontc inyetogenous leukemia {juvenile type) 

Myetodysplasiic syndromes 

Acute myelofibrosis 
Some less severe combined immw>wteficicncy disorders 
lyinp*iopfo(iferativo disorders 

Hodrjkm rymphoma 

Non+todgkin fymphonia 

Muttiplo myeloma 

Chronic lymphocytic leukemia 

Solid tumors 
Neuroblastoma 
Branchial catcirtomo 
Breast carcinoma 
Melanoma 
Brain tumors 
Osteosarcoma 
Ewtng/s Sarcoma 
Teratomas 
Rhabdomyosarcoma 
Others 



Norwnailgnam disorders 

Bare, marrow fatrute wfromtss 
Acquired severe aplastic enomia 
FaiiconT* aplastic wtemia 
Reticufaf dysoenwis 

lirrimirmtofiriency states 
Severe combined imrmmodeJicieiKy disease 

VViskott-AtrJrieh syndrome 

Soma acquired kramme deficitti*cy syndrome (AIDS) 

HcmatdrjQicai. disorders 
Some Thalassemia syiidromns 
Some, sickte coll anemias 
Soma aHigenitaJ neuiroponia 
Some severe congenital platelet disorders 
Some Qsteopeliosts 

Genetic disorder! 
Mucopc^ywccrwidoses 
Lmfadytrmphies 
Other race metabolic disorders 

Ginnetfivo tissue dbonters 
Some itnraiitiUL rtioiinsaiokf arthri tis 
Some systemic lupus crythemmasHc 



others, in complete hematopoietic engraftment 
( 14). At the present time, almost 75% of all those 
with severe immune deficiencies can be cured with 
hematopoietic stem cell transplants and the tatfris 
even higher when a matched sibling donor is 
available (14). 



who require a transplant have already been 
through a variety of therapeutic protocols and 
ape thus mote resistant to the curative effects of 
W prppartttive therapy which is provided 
(Tabic 3) (24). 



Selection of patients 

indications for hematopoietic stem cell transplant 
have, to some extent, changed over the years, 
particularly related to the curative treatments 
provided for children with leukemia (Table 2) 
(22). In the 1980s, the most common indication 
for a hematopoietic stem cell transplant was 
salvage therapy for patients with acute lympho- 
cytic leukemia (ALL) who Failed to maintain a 
remission from conventional therapy. However, 
the likelihood or attaining long-terra remission 
from conventional therapy is now approaching 
oWo, therefore eliminating the need for a marrow 
transplant consideration for the vast majority of 
such children (21). In addition; overall survival 
rate* have also improved for children with 
lymphoma. Thus, the majority of children with 
ALL can be cured with conventional approaches 
and no longer require a transplant. Considcrinu 
how conventional therapy has increased in 
intensity over time; it is true that the vast 
majority of children with ALL and other diseases 



Acute myelogenous leukemias 

Throughout the 1980s, a number of studies 
suggested the utility of high dose therapy for 
patients with acute myelogenous leukemias (25). 
However, there arc now available randomized 
results ffom a large-scale study of children with 
acute non-lymphocytic leukemia undergoing 
marrow transplantation with a matched sibling 
donor, compared to those who were treated with 
conventional chemotherapy because of a lack of a 
matched sibling donor (25). Very clearly, the 
long-term survival rales are higher in patients 
with acute non-lymphocytic leukemia who under- 
went transplantation with a matched sibling 
donor. The results from these trials would 
indicate that those with **oute non4ymphocytic 
leukemia will do much better with a marrow 
tran^planl, provided there is a related matched 
soling available, than with alternative forms of 
therapy. The recognition of this phenomena in a 
biologically randomized study is a key milestone 
in the development or hematopoietic stem cell 
transplantation, showing how this disease is quite 
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Table 3. Remaining stern cell transplant quostions m. 2002 for dtrfdren wilh leukemia 



Whai faclorseoa define those to benefit from transplant therapy: fa) initial response: (b) minimal residual disease: it) tralQgfc makers such as 
diromosornes. celt nwphoiogy. coButar markers or m vilrolin mo utowth diaracrarrsUcs; Id) age arid/or (el uatetic/pharmscalogic piofllos 
Are all stem cot donors ante in regards to outcome and relapse rates? Matdtod sWtnrj vs. mismatched family momher vs. unrelated adult donors vs 
umbilical cord derived stem cells. 

Role of peripheral blood vs. marrow as o source of stern cells. 

Methods to accelerate iiiimime maturation of stem cell transplants or metluxfe to nimrrni/e toxicity tu dm muminc syslnrn 



sensitive to the preparative therapy which has 
been provided early in the Course of the disease, 
as well as the immunologic effects or providing a 
marrow graft (25). 



Neuroblastoma 

Of all the solid tumors that occur in the pediatric 
age group, neuroblastoma has been the most 
resistant to conventional therapy. However, slow 
but steady improvement has been made in overall 
survival (26). 

The landmark study in the development of 
pediatric hematopoietic stem cell transplant was 
the cooperative group trial which compared 
transplantation vs. no transplant for those with 
Stage IV neuroblastoma (27). Previous studies 
had indicated that allogeneic transplants seemed 
to provide no evidence for an immunologic effect 
of the graft itself on the underlying tumor. Fewer 
problems were associated with high dose therapy 
and autologous rescue vs. allogeneic stem cell 
transplant. Thus, the autologous transplant was 
accepted as a standard therapy for those with 
neuroblastoma. In fact, the current Children's 
Oncology Group protocol offers a course of very 
high dose therapy with stem cell rescue to all 
patients (27). 

One of the major questions that remains to be 
decided in the next few years is whether there has 
been an improvement in long-term survival in 
those with neuroblastoma by the utilization of 
peripheral stem pells vs. marrow, since marrow 
runs the risk of contamination with tumor cells. 
Although most trials of autologous Stem cells for 
transplant purposes utilized a laboratory meth- 
odology to purge neuroblastoma cells from the 
stem cell inoculum, the sensi tivity of the assay is 
such that there may still be quite a number of 
neuroblastoma cells in the stem cell preparation 

Table 4. Best approach to treatment of Stage IV neuroblastoma in 2002 



that is eventually infused into patients (27). 
Occasionally, patterns of relapse in children 
following recovery of heiuatopoiesis suggests 
that therb has been a miliary spread of neuro- 
blastoma cells to a variety of tissues never 
previously involved with neuroblastoma, and in 
all likelihood, these tumor cells were contaminat- 
ing the stem cell inoculum that was infused 
intravenously (Table 4). 



Adding donors 

In the late 1970s and early 1980s, a variety of 
clinical experiments showed the potential of 
applying high dose chemotherapy with hemato- 
poietic stem cell rescue for an ever-expanding 
number of children and adults with malignancies, 
hy utilizing allogeneic donors who were less than 
perfectly matched (28). The first group of donors 
to be added were those family members who were 
haplotdentical, such as parents or siblings, or in 
situations where there were more extensive 
familial investigations to find potentially more 
closely matched donors (29, 30). Mismatched 
familial transplants are characterized by one or 
more major histocompatibility loci differences 
between donor and recipient, or complete hap- 
loideritieal transplants, where there is a complete 
disparity at one of the two HLA A, B or DR loci, 
and these transplants took place in great numbers 
in the 1980s and early r990s (13). Most, but not 
all, of these clinical protocols attempted to 
overcome the significant graft-vs.-host disease 
problems by removing rnorq than two logs of T- 
lytnphoeytes from the dpnor stem cell inoculum 
(29, 31). Prom these experiments, the investiga- 
tors derived a great deal of knowledge and 
experience in the role of T-lymphocytes when 
removing them from the transplant inoculum. 
High rates of rejection and non-engraftmcnt 



1 Diagnostic biopsy with comptoie resection if possible. 

2 Induction chemotherapy — rimbrnatkm—usually 5-6 cycles 

3 Subsequent surgery to resect residual disease. 

4 Consolidation llierepv--usualty high dose chemotherapy end stem cell rescue 
cells it present. 



wilh marrow or peripheral stem cells, purged ot neuroblastoma 
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Table 5. Peripheral stem calls— advantages in adults 

1 easier/less painful to obtain titan marrow. 

2 Quicker recovery ol neutrophils mid platelets when used in place of marrow as a source of stent colls 

3 No exposure to arty anesthetic as would bo necessary for collecting motrow stem cells. 
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suggested either that the process Of removing the 
T-lyrnphocytcs had eliminated extensive numbers 
of stem cells meant to engraft aild produce 
hematopoietic progeny, or alternatively (28), T- 
lymphbcytes from the donor derived inoculum 
were important in providing further immune 
suppression within the host to enable hemato- 
poietic stem cell engraftment. To overcome the 
latter problem, more preparative therapy wits 
given to some patients but this did not necessarily 
seem to make a difference. In addition, the 
removal orT-lymphocytes increased the potential 
for opportunistic infections due to the subsequent 
delay in T-lymphocyte recovery, and the delay in 
T-lymphocyte recovery led to an increased 
relapse rate in those patients receiving such 
marrow grails which were T-lymphocyte 
depleted. However, the goal of using mismatched 
or haplo identical donors had achieved an impor- 
tant milestone which was now making it possible 
for every patient who had a disease that could be 
treated with liematopoietic stem cell transplant to 
be eligible for such treatment, without limitations 
as to whether a donor was available or not (31). 
The only children who failed to find a donor 
when considering the use of hematopoietic stem 
cells from mismatched or haploidentical family 
donors were those who had been adopted and 
whose families were not traceable, or alterna- 
tively children who had no siblings or parents due 
to some sort of environmental accident or early 
death. 

Alongside the development of mismatched or 
haploidentical transplantation was the typing and 
recruitment of unrelated adult donors. 
Considering the increased knowledge of the 
histocompatibility loci and the further delinea- 
tion of jihe unique HLA disparities between 
individuals using molecular techniques, investi- 
gations continued on typing large numbers of 
individuals who volunteered to register with a 
number of private marrow donor banks and who 
agreed to be called upon to donate marrow if 
necessary for an individual who needed a 
transplant and who had a tissue type similar or 
identical to that of the potential donor. Reports 
of these transplants began to appear in the 1980s 
and some or these were quite successful (30). As 
expected, most were associated with significant 
graft-vs.-host disease, either because, our preven- 
tive treatments for GvHD were inadequate or 



alternatively, because there had been a lack of 
appreciation of minor histocompatibility differ- 
ences between donor and recipient. As an 
increasing number of allogeneic transplants 
using unrelated donors, developed, there also 
developed a national interest in bringing together 
all of these doner banks and setting up a single 
national registry supplying all allogeneic hema- 
topoietic stem cells for transplant purposes. Thus 
came the government directive to set up the 
National Marrow Donor Program and the 
National Marrow Donor Registry. With increas- 
ing recruitment efforts through the 1980s and 
into the 1990s, well over 4.000,000 donors have 
been registered world-wide and listed in the 
NMDP registry, making it possible to find close 
if not perfect matches more than half the time for 
individuals without a matched familial donor. 
Several studies have documented that children 
will tolerate some histocompatibility difference 
between donor and recipient, making it possible 
to find unrelated donors for children with an ever 
increasing frequency (31). Again, another mile- 
stone had been achieved in the development of 
the pediatric hematopoietic stem cell field by 
continuing to increase the population of children 
eligible for transplant by defining new groups of 
donors, thereby circumventing the earlier pro- 
blem whereby many patients could not avail 
themselves of marrow transplant therapy for lack 
of a matched related allogeneic donor. 



Peripheral stem cell transplants 

Although experience with syngeneic transplants 
had yielded the necessary information about 
circulating peripheral hematopoietic stem cells, 
to a large extent the application of this technique 
did not begin until the late 1980s and early 1990s 
(32-34). Several considerations came about to 
spearhead this development: 

I Some patients with malignancies undergoing 
high dose chemotherapy with hematopoietic stem 
cell reconstitution had previously received irra- 

Tabte & Norwnyetoabtalive (ramniam preparation 

1 Reduced p/cadiairvo tltefopy and thus potential reduced intriiy 

2 Potential to eliminate alt radiation. 

3 Reduce growth retardation and newo-psvcriologtcal effects ol full 
rnyetoabtatne therapy. 
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diation to large marrow spaces or alternatively, 
hud a potential contamination of marrow spaces 
with tumor cells. Collection of peripheral blood 
might obviate this problem since there were few if 
any detectable malignant cells in the peripheral 
blood and thus collections of stem cells in the 
peripheral blood would theoretically be less likely 
to be contaminated with tumor cells. 

2 Going to the operating room to obtain 
hematopoietic stem cells from the marrow space 
was traumatic and painful, and collections of 
peripheral blood stem cells could be done us an 
outpatient in a less painful setting with far less 
morbidity (33). 

As a result, many studies were published on the 
utilization of peripheral stem cells on how best to 
collect them and on the timing of collection 
(32-34). With the development of hematopoietic 
stem cell cytokines stimulating the production of 
CD34+ cells, there was now an understanding of 
how best to improve the yield of collected stem 
cells. Subsequent studies showed that peripheral 
stem cells, when given to a host who had 
undergone ablative chemotherapy or chemother- 
apy plus radiation, resulted in faster hemato- 
poietic engraftment, fewer hospital days^ arid 
potentially improved immune function more 
quickly than when using hematopoietic stem 
cells from the marrow space (34). Although 
similar studies have not been done in children 
due to the numbers of children available for such 
studies, in some diseases we have already 
accepted the utility of obtaining peripheral 
blood stem cells for transplant purposes (33, 35, 
36). However, in many situations in pediatrics, 
the donors are small children and it therefore 
becomes more difficult to collect peripheral stem 
cells from them and more likely that we can 
obtain an equal or higher total number of 
hematopoietic stem cells by taking the donor to 
the operating room and obtaining bone marrow 
in the traditional manner (33). Thus, even though 
the use of peripheral stem cells was first 
documented in pediatric transplants more than 
30 years ago, when blood from one twin was 
infused into another (1 1). the large scale use of 
peripheral stem cells, the appreciation of the fact 
that the stem cells collected from the peripheral 
blood were somewhat different from those 
collected from the marrow space, and the 
extension of this technique to those who have 
potential marrow involvement with tumor was a 
whole new era and marked a new milestone in the 
further development of pediatric hematopoietic 
stem cell transplantation (Table 5) (32, 33). 



Cord blood transplants 

In the 1970s* the migration of hematopoietic stem 
cells from the yolk sack to the liver was under- 
stood to the extent that fetal livers were obtained 
from aborted fetuses and successfully used for 
transplant purposes (37). Over a period of 10 
years, there developed an appreciation of the vasi 
numbers of hematopoietic stem cells in the 
developing fbtus, which at the time of birth is 
rfiore than 100-fold greater per volume of blood 
than that found in adults. The sense was that the 
developing fetus was rapidly growing and needed 
ever increasing quantities of hematopoietic and 
immunologic cells. This was translated into an 
increased number of hematopoietic stem cells, 
developing in a naive individual and incapable of 
recognizing and rejecting maternal tissue and 
probably having little capacity to reject other 
tissue soon after birth. We knew from hundreds 
of years of clinical observation that infants were 
highly susceptible to a wide variety of infectious 
problems, only because of the lack of immunity at 
birth and that there was a normal maturation of 
the immune system in the first I -2 years of life. In 
fact, it was well known (hat children with immune 
deficiencies did not usually present within the first 
few months of birth because of the protective 
levels of cellular and humoral immune factors 
that are passed from mother to fetus v and that 
when this protection eventually waned, then the 
infant's immunodeficiency was exposed (20). 
With this background in mind, there developed 
an appreciation of the idea of obtaining umbilical 
cord blood at the time of birth and using it as a 
rich source of hematopoietic stem cells which 
could then be used for transplant purposes (15. 
38). Several significant advantages immediately 
became apparent: 

1 With millions of births worldwide, it should 
be possible to collect umbilical cord blood from 
every child soon after birth and such blood/cells 
could be typed and cryopreserved and made 
available to any individuals with a similar tissue 
ty|KJ. 

2 Unlike the situation where an adult allo- 
geneic donor needs to be taken to the operating 
room to obtain marrow or needs to visit a blood 
bank in order to provide peripheral blood stem 
cells, the use of these umbilical cord cells entailed 
no harm to the donor since these blood cells were 
usually discarded with the placenta at the time of 
birth. 

3 Because the umbilical cord-derived hemato- 
poietic stem cells were natve* it should be possible 
to use them more readily in situations where there 
was not a perfect HLA match between donor and 
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recipient and still see a good hematopoietic 
engraftment without the lethal complications of 
graft-vs.-host disease. 

In 1988, the first such transplant took place in a 
child with Faitconi's anemia, receiving hemato- 
poietic stem cells Prom a previously collected 
umbilical cord blood specimen from a sibling; who 
was perfectly matched (39, 40). Since that lime, a 
number of umbilical cord blood banks have been 
set up around the world, some linked by 
computer and some not, but all dedicated to 
the business of providing umbilical cord blood 
for transplant purposes, particularly in situations 
where there were no available matched sibling 
donors (15). These transplants have continued in 
select centers around the world and to date, there 
still are some problems and difficulties: 

1 Umbilical cord-derived hematopoietic stem 
cells tend to grow a little more slowly, perhaps 
related to their concentration and numbers 
following cryopreservation, than freshly obtained 
peripheral blood stem cells or marrow stem cells 
from adult donors. The slowness to recovery of 
blood counts may predispose the transplanted 
patient to an increased number of infectious 
problems and complications (38). 

2 Although one of the advantages pf using 
hematopoietic stem cells derived from the umbi- 
lical cord is their relative naivete and the potential 
for a lack of graft -vs. -host disease, there devel- 
oped a sense in the 1980s and 1990s of the 
importance of graft-vs.-host disease in providing 
an immunologic method for controlling the 
subsequent recurrence of a malignancy following 
high dose preparative therapy. The absence of 
such graft-vs.-host disease following the trans- 
plant of hematopoietic stem cells derived from 
umbilical cord predisposes some patients to an 
increased risk for recurrence of their underlying 
leukemia (15); and 

3 The amount of cord blood obtained in the 
delivery room is directly related to the experience 
of the operator. The amount of cord blood 
collected correlates with the number of stpm cells 
and the number of stem cells in a sample used for 
transplant purposes correlates with the rate of 
engraftment. The rate of engraftment and the 
numbfer of stem celts appears to correlate with 
ultimate survival (41). Thus, there are many 
specimens of umbilical cord blood obtained in the 
delivery room which are low in volume and which 
are therefore probably not well suited for use in 
larger children or adults (38). 

The availability of umbilical cord blood has 
once again been a milestone because it has 
enabled more children who otherwise could not 



find a suitable donor to have one available. In 
addition, many children undergoing marrow 
transplantation need not suffer graft-vs.-host 
disease and its attendant morbidity/mortality, 
such as those with genetic diseases or immune 
deficiencies (40-42). As a result, cord blood has 
then become an ideal source of hematopoietic 
stem cells. The first patient transplanted with 
umbilical cord blood as previously mentioned 
was a child with FanconPs anemia, and there had 
not yet been any evidence of myelodysplasia or 
leukemic changes (39, 40). As a result, the child 
would not theoretically benefit from the occur- 
rence of any graft-vs.-host disease and thus the 
use of umbilical cord blood as a source of 
hematopoietic stem cells was an ideal source in 
that particular situation. The overall place of 
umbilical cord blood in the field of hematopoietic 
stem cell transplantation remains to be deter- 
mined, but clearly the advent of this technology 
and the establishment of numerous umbilical 
cord blood banks has been a major milestone in 
the field of pediatric hematopoietic transplanta- 
tion. 



Gonetfc diseases 

For some patients, hematopoietic stem cell 
transplants are a very crude way of providing 
new genetic material. It is not selective but rather 
provides a host of hematopoietic and immuno- 
logic stem cells, all of which may bring missing 
enzymes or missing substrates not present in a 
child undergoing such a transplant for what is 
presently defective. Two such examples are 
noteworthy. 

Almost 20 years ago* the first marrow trans- 
plant took place in a child with sickle cell anemia 
(42). Sickle cell anemia is an inherited genetic 
disorder characterized by abnormal hematopoi- 
esis, deformities and increased sickling of red cells 
secondary to abnormal hemoglobin synthesis and 
an associated array of clinical difficulties. The 
replacement of these abnormal hematopoietic 
stem cells With new ones making cells with normal 
hemoglobin eliminates future problems asso- 
ciated with the disease for the child undergoing 
sach a transplant (43). In fact, hematopoietic 
transplants have been curative (40). The problem 
is related primarily to the selection of patients: 
when to offer the transplants to patients and 
when too much damage may have been done by 
the underlying disease to warrant proceeding with 
the transplants. Since the vast majority of 
children with sickle cell disease make it into 
adult life, families have a very difficult lime 
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making a decision lo proceed wilh a marrow 
transplant when there might be as high as a 
15-30% significant morbidity and mortality 
associated with the procedure (44, 45). 

A number of mucopolysaccharide disorders, as 
an example of another genetic disorder, have 
been cured with a hematopoietic stem cell 
transplant (46). In these cases, there is a missing 
enzyme which can be Pound within neutrophils 
and other cells originating from the bone marrow 
space, and these new cells will replace the missing 
enzyme and deal with substrates which accumu- 
late in abnormal places where such accumulation 
may result in significant damage. In most of the 
mucopolysaccharide disorders, proteins accumu- 
late in the nervous, system as well as in the heart 
and liver and eventually lead to the dysfunction 
of these organs and death. A marrow transplant 
provides enzymes which are missing to help 
degrade and deal with the substrate which 
accumulates. Damage previously associated 
with the abnormal condition may not be repaired 
over time but in general one is looking to halt the 
progression of the underlying disease. 

Significant progress has been made in learning 
for which diseases it is best to dflfer such 
transplants, the appropriate timing, and the 
limitation of the procedures in other patients in 
terms of correcting or halting the further 
progression of the underlying illness. 



Non-myeloablative transplants 

It has been well known for some time that one of 
the beneficial aspects of an allogeneic stem cell 
transplant has been the immunologic surveillance 
and immunologic treatment which is brought 
about by the growth of a new immune system. 
Patients experience graft-vs.-host disease with 
variable frequency and graft-vs.-host disease has 
been shown in several studies to bp helpful if not 
essential in preventing the recurrence of an 
underlying malignancy. There appears to be a 
graft-vs.-tumor or grafi-vs.-leukemia effect from 
the new source of allogeneic hematopoietic stem 
cells (47, 48). 

This fact was further emphasized by studies 
using delayed lymphocyte infusions (DLI) to 
treat recurrent disease, as well as to treat 
significant viral infections which occur post- 
transplantation (47-49). Considering the delay 
in the recovery of normal T-lymphoeytes follow* 
ing an allograft, lymphocytes can be obtained 
from living hematopoietic stem cell donors and 
these cells can be utilized for treatment, either to 
prevent recurrent diseases by prophylactic infu- 



sions of such lymphocytes or to treat the 
recurrent chronic myelogenous leukemia which 
may occur following a transplant 

Considering the immunologic effects of the 
graft, and animal work which showed that with 
minimal conditioning therapy and minimal 
establishment or an allograft within the bone 
marrow space, further immune suppression from 
donor lymphocytes would effectively create 
complete chimcrism and full cngrafimcnt. 
thereby providing individuals with the benefit 
of the new immune system provided with the new 
allograft (50). This approach holds great promise 
in establishing the presence of a new allograft and 
as such is really the goal of the transplant process 
and at the sams time, limit the preparative 
therapy given, since a complete establishment 
ofhematopoiesis is not initially necessary but will 
be effected by subsequent infusions of lympho- 
cytes. Tlife has been one of the milestones in the 
development of pediatric hematopoietic stem cell 
transplantation. Those with an enzyme disorder, 
and potentially those with disorders only char- 
aeterigpd by missing cellular function, need a 
small proportion of hematopoietic stem cells to 
■Hilly engraft and function to correct the under- 
lying defect (50). A recent patient reported with 
Chediak Higushi syndrome is a good example 
whereby only a small proportion of the neutro- 
phils are actually of donor origin and therefore 
normal, but the actual number is high enough to 
have prevented any significant infections occur- 
ring tn the years following the establishment of 
the allograft (51). 

The use of these non-myeloablativc trans- 
plants, meaning that the preparative therapy 
has been limited in extent and toxicity, has 
permitted a very small proportion of donor cells 
to engraft, but these cells are then engineered to 
become fully chimeric with the recipient by the 
use of DjLl to further suppress the host. These 
types of transplants, whereby the preparative 
therapy is minimized, are undergoing trials in the 
elderly and in more fragile individuals who would 
otherwise not qualify for transplant, in the hope 
that they will receive the beneficial effects of a 
new immune system and the immunologic 
surveillance thus provided, without the toxicity 
which often is associated with the preparative 
therapy given to bring about full engraftmcnt. In 
addition, there are children with disorders that 
would potentially be made worse wilh full doses 
of preparative therapy, including total body 
irradiation. Thus a non-myeloablative transplant 
limits the amount and type of preparative therapy 
given, thereby limiting the potential toxicity to 
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the patient. Limiting the preparative therapy 
reduces the long-term effects but still permits full 
eventual engraft men t and provision of the 
missing components of the immune system or 
immune surveillance (Table 6). 



Conclusions 

When hematopoietic stem cell transplants began 
almost 50 years ago, they were a shot in the dark 
10 try and correct underlying significant diseases 
and were eventually utilized to correct immune 
deficiencies. Over the ensuing 40 years, a variety 
of newer techniques were developed to perfect the 
source of stem cells and increase our under- 
standing of clinical situations in which cine source 
of stem cells might be belter than another (52, 53). 
Improvements in supportive care made it possible 
for an ever increasing number of children to 
survive the effects of the preparative therapy and 
the subsequent graft-vs.-host disease and imma- 
turity of the immune system. High dose therapy 
with hematopoietic stem cell rescue has become a 
mainstay of modern therapy For children with 
Stage IV neuroblastoma and a significant salvage 
therapy for patients with a variety of other 
diseases when these children have failed to 
respond to more conventional approaches. The 
approaching frontier involves the in utera identi- 
fication of genetic defects and immunodeficiency 
diseases, thereby Utilizing in ufera-adtninistered 
hematopoietic stem cells to provide definitive 
curative therapy (54, 55)* Although children with 
leukemia make up an ever decreasing number of 
those eligible for transplantation because of the 
success of the initial therapeutic non-transplant 
treatment they receive (22), there still are a 
number of children benefiting from transplanta- 
tion who have been treated rather heavily with 
alternative therapy and we know that there are a 
variety of diseases that now benefit from 
replacement of the marrow graft and provision 
of a new immune system and improved immune 
surveillance. 
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Mesenchymal Stem Cells* 



Arnold I. Caplan 

The Skeletal Research Center , Department of Biology, Case Western Reserve University, Cleveland, Ohio, U.S.A. 



Summary: Bone and cartilage formation in the embryo and repair and turnover 
in the adult involve the progeny of a small number of celts called mesenchymal 
stem cells. These cells divide, and their progeny become committed to a spe- 
cific and distinctive phenotypic pathway, a lineage with discrete steps and, 
finally, end-stage cells involved with fabrication of a unique tissue type, e.g., 
cartiluge or bone, Locul cuing (extrinsic factors) and the genomic potential 
(intrinsic factors) interact at each lineage step to control the rate and charac- 
teristic phenotypc of the cells in the emerging tissue. The study of these mes- 
enchymal stem cells, whether isolated from embryos or adults, provides the 
basis for the emergence of a new therapeutic technology of self-cell repair. The 
isolation, mitotic expansion, and site-directed delivery of autologous stem cells 
can govern the rapid and specific repair of skeletal tissues. Key Words: Mes- 
enchymal stem cells — Bone — Cartilage — Differentiation— Self-cell therapy — 
Skeletal tissue—Embryo — Adult. 



THE CONCEPT 

It is generally agreed that in an embryo a mesen- 
chymal stem cell is a pluripotent progenitor cell 
which divides many times and whose progeny even- 
tually gives rise to skeletal tissues: cartilage, bone, 
tendon, ligament, marrow stroma, connective tis- 
sue (Fig. I). By definition, these stem cells are not 
governed by or limited to a fixed number of mitotic 
divisions. Their progeny are affected by a number 
of factors* however, as they become tracked into 
very specific developmental pathways in which 
both intrinsic and extrinsic factors combine to con- 
trol the molecular and cellular pattern of expression 
that results in specific tissues that perform specific 
functions based on their molecular repertoire (9,1 1). 
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Indeed, the progression from stem cell to final end 
phenotype is marked by discrete stages with transit 
from one stage to the next dependent on local cuing 
from surrounding cells (paracrine regulation) as 
well as signals emitted by the cell itself and the 
reception of its own signaling (autocrine regulation) 
(10,57). The sum of these various intrinsic and ex- 
trinsic signals defines the developmental position of 
the cells, Although difficult to reconstruct on a cell 
culture dish, such "positional information" has 
been experimentally approached by studying em- 
bryonic cells in culture, cells that have the potential 
to differentiate into various phenotypes (7,9, 11, 15). 

The concept of stem cells is now well established 
(21,60). Two systems serve as models for such a 
concept: First, Caenorhabditus elegans is a small 
worm whose entire developmental lineage map has 
been described (21); every cell found in the adult 
has been carefully tracked and its progenitor tree 
precisely established with every branch and sub- 
branch delineated. Second, and to be emphasized, 
the heamtopoietic cell lineage has been described 
with its several diverging pathways (21,52). It is 
now clear that each separate pathway and, indeed, 
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FIG. 1. Mesenchymal stem cell phenotypes. Mesenchymal 
stem cells are theoretically capable of dif ferentiating through 
a series of separate and unique lineage transitions Into a 
variety of end-stage phenotypes as shown. 



progression through each separate stage within a 
discrete pathway is controlled by a balance of ex- 
trinsic and intrinsic macromoleculcs. Molecular bi- 
ologists continue to isolate, clone, and express large 
amounts of these proteins, which allows use of cell 
culture systems to identify accurately the factor 
that controls progression to which stage and when 
(51,70). The challenge for skeletal biologists is to 
use the new information and new molecular tools to 
translate these advances into a better understanding 
of skeletal development, physiology, and repair. 

EMBRYONIC MESENCHYMAL CELLS 

The middle embryonic layer, the mesoderm, 
gives rise to all of the body's skeletal elements.* 
The term, mesenchyme, is derived from the Greek 
meaning "middle" (meso) "infusion" and refers to 
the ability of mesenchymatous cells to spread and 
migrate in early embryonic development between 
the ectodermal and endodermal layers. This char- 
acteristic migratory, space-filling ability is the key 
element of all wound repair in adult organisms in- 
volving mesenchymal cells in skin (dermis), bone 
(periosteum), or muscle (perimysium). Proteins that 
serve as chemoattractants, chemicals that specifi- 
cally encourage this migratory activity to wound or 
developmental sites have been identified (24,32,59). 
The migratory activity of mesenchymal cells is 
complemented by their capacity to aggregate spc- 

* For the sake of clarity, I address only issues related to car- 
tilage or bone, although the same general experimental approach 
and logic can be used for other mesenchymal tissues. 



cifically to form unique developmental structures 
or, in adults, to form repair blastemas, which arc 
then capable of responding to local cues and differ- 
entiating accordingly to achieve regenerative repair 
00,11). 

Chick Limb Cells 

More than 20 years ago, my collaborators and I 
attempted to define experimentally the conditions 
and cues necessary to control the differentiation of 
embryonic mesenchymal cells into cartilage and 
bone (5,7,17), Both in vivo and in vitro studies were 
used, but development of cell cultures and the gen- 
eral approach of using cell cultures has provided the 
experiential basis for approaching the study of mes- 
enchymal stem cells from adults. The system we 
developed was the culturing of stage 24 (day 4.5) 
embryonic chick limb mesenchymal cells under 
conditions that promoted differentiation of cartilage 
(chondrocytes) (5,7,13,20) and bone (osteoblasts) 
(42,65). 

Chondrocytes 

Our first experimental effort with embryonic 
chick limb mesenchymal cells was to focus on chon- 
drocyte development, which we learned was con- 
trolled by the initial plating density (5,17), oxygen 
levels (14), or, as recently shown by other investi- 
gators, a variety of physical and chemical factors 
(53,58,61). The key factor in the conversion of a 
mesenchymal cell to a chondrocyte is maintaining 
the progenitor cell in a round, unspread conforma- 
tion. This can be accomplished simply by plating 
the cells initially under very compact, high-density 
conditions: 5 X 10° embryonic stagc-24 limb mes- 
enchymal cells per 35-mm dish (5,17). Even in a 
simple, defined medium consisting of insulin, trans- 
ferrin, bovine serum albumin (BSA), and hydro- 
cortisone in Eagle's minimum essential medium 
(MEM), the differentiation of chondrocytes and 
their further development can be documented as 
long as the cells are initially seeded at high density 
(18,30). 

The high-density, limb cell-derived chondrocyte 
in culture makes two cartilage-specific molecules in 
abundance; type II collagen (68) and a large chon- 
droitin sulfate, keratan sulfate proteoglycan (CSPG) 
(13,18,20). By detailed chemical and physical char- 
acterization of the CSPG synthesized on each day 
of culture, we showed that the glycosaminoglycan 
chains arc biosynthesized slightly differently with 
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time (Fig. 2). Peptide maps show that the newly 
synthesized core protein (26) is identical on each 
day of culture, whereas the chondroitin sulfate 
chains are synthesized progressively shorter 
(30,000 D on day 2 to 15,000 D on day 20) and the 
keratan sulfate chains are synthesized progressively 
larger (0 to 10,000 D) (13,20). This biosynthetic pro- 
gression is exactly what has subsequently been 
shown to occur in the cartilages of embryonic, 
adult, and aging human (50) and bovine specimens 
(62). 

That embryonic chondrocytes have an aging- 
dependent program of changing biosynthesis is fur- 
ther documented when cultured embryonic chick 
chondrocytes arc transplanted in a fibrin-based de- 
livery vehicle into defects at the articular surface of 
adult chickens (29). Such chondrocytes produce 
what appears to be appropriate cartilaginous matrix 
and have been followed >18 months. The resulting 
repair cartilage appears to integrate perfectly into 
the defect and to provide the animal with a healthy, 
normal articular surface. These experiments and 
others clearly establish the concept of repairing car- 
tilage with embryonic or appropriate reparative 
cells. 

Osteoblasts 

Our initial success in studying emergence of 
chondrocytes and formation of cartilaginous tissue 
from cultures of limb mesenchymal cells encour- 
aged us to study differentiation of osteoblasts and 
formation of bone as well. Our initial logic was that 
high-density conditions caused cartilage formation 
and that cartilage was the progenitor tissue of bone. 
(Some investigators have reported that cartilage 



provides the scaffold for bone formation.) After 2 
years of frustrating experimentation, wc realized 
that when infrequent bone and osteoblasts could be 
identified, the bone had formed at a distance from 
cartilage and never on or in the cartilage (42). By 
carefully decreasing the initial cell density of limb 
mesenchymal cells to just below the density at 
which some mineralized cartilage could form (2 x 
10 6 cells/35 -mm dish), we observed numerous de- 
posits of bone and abundant osteoblasts which, 
again, were clearly at some distance from cartilage 
(6,42,44). In addition, these osteoblasts exhibited 
the classic response to parathyroid hormone (PTH) 
of elevated cyclic AMP levels (71 ,72) and possessed 
a bone-specific alkaline phosphatase (43). These stud- 
ies clearly indicated that embryonic chick limb mes- 
enchymal cells were capable of differentiating into 
osteoblasts and that the culture conditions support- 
ing optimum osteoblast emergence were different 
from the conditions optimum for chondrogenesis. 

Mouse and Human Limb Cells 

With regard to cartilage and bone, the properties 
of mouse and human limb mesenchymal cells in cul- 
ture appear to be quite similar, if not identical 
(25,46). Likewise, cartilage and bone development 
in vivo arc also quite comparable, with the mi\jor 
exception that embryonic cartilage of chick docs 
not calcify whereas that of mammals always calci- 
fies (16). The comparable developmental properties 
of aves, rodents, and humans encourages us to con- 
tinue experimentation with animal cells as an ap- 
proximation of better understanding of the proper- 
ties of human cells and tissues. 



FIG, 2. Proteoglycans synthesized by newly dif- 
ferentiated, mature, and senescent chondrocytes. 
With Increasing age, chondrocytes synthesize 
proteoglycans that have smaller chondroitin sul- 
fate chains and larger keratan sulfate chains 
(7,8,12,13,20). 
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LINEAGE OF MESENCHYMAL CELLS 
Cartilage 

The important inference from the above discus- 
sion is that chondrocytes have a programmed (i.e., 
genetically dictated) sequence of changes in their 
end-stage expression (8,12). The differences in gly- 
cosaminoglycan chain lengths or chemistry are sta- 
ble to cell culturing or metabolic perturbation, The 
control of these events is not known, but all exper- 
iments designed to slow this sequence of biosyn- 
thetic alterations or reverse them have failed. The 
inference is that a genomic mechanism somehow 
"tells time*' and that this clock is hard-wired and 
unidirectional (8,12). 

Such biosynthetic changes in articular cartilage 
are different from the lineage changes observed in 
adult growth plate or embryonic limb cartilage. A 
discrete set of expressional stages or lineage states, 
comprising dividing, maturing, and hypertrophic 
chondrocytes, is apparent in embryonic limb tissue, 
cell culture (13,58,61), and in the growth plate 
(19,28). Eventually, the hypertrophic cartilage in 
vivo is eroded by vascular, marrow, and phagocytic 
cells and replaced by bone. Each chondrocytic lin- 
eage state is uniquely different from its predeces- 
sor, as shown in Fig. 3. For example, hypertrophic 
chondrocytes synthesize a unique small collagen, 
type X, and a unique proteoglycan (54,55); neither 
of these molecules is synthesized by mature chon- 

Chondroflonlc PROGENITOR i Typo I Collflflon. C3PG-M 

I 

Chondfoblaat ' Typo II Collaoon, CSPG-H 

1 

Chondrocyte I « HO Kd. link prololn 

I 

Chonrocyto II : 100 Kd 

I 

Hypertrophic Chondrocyte ■ Typo X collagen, 6fl Kd, 1.280H 0 3 n 

FIG, 3. Chondrogenlc lineage, Based on the experiments of 
Solursh et al. (58,61) a hypothetical lineage map can be con- 
structed to consist of at least five separate stages based on 
the changing biosynthesis of proteins (named or by molec- 
ular weight, K d ) or chondroltln sulfate proteoglycan (CSPQ). 
The receptor for 1,25*dlhydroxy Vitamin 0 3 Is represented as 
1,250HD 3 R. 



drocytes. In this particular circumstance, several 
factors are proposed to contribute to conversion of 
mature chondrocytes to hypertrophic chondrocytes 
(35); reversal of this process has not been reported, 

Bone 

We recently reviewed the major aspects of em- 
bryonic bone development. Figure 4 shows several 
important elements or rules governing this complex 
process (10,11,16). First, a discrete positioning of 
progenitor cells, stacked cells, existed in proximity 
to the developing bone (47). The stacked cells give 
rise to ostcobJats in a discrete series of lineage steps 
(described below). The end stage or secretory os- 
teoblast is positioned by its proximity to vascula- 
ture, with the "back" of the osteoblast to the cap- 
illary and osteoid deposited from the "front" of this 
highly oriented secretory cell (47,48). The vascula- 
ture is the orientor of osteogenesis and the osteo- 
blast is the formative element. Cartilage is not re- 
placed by bone, but is instead the target for vascular 
(marrow) replacement (48); in the early limb, the 
cartilage model exactly defines the eventual mar- 
row cavity. 

That a discrete series of individual lineage stages 
exists between the progenitor cells in the stacked 
cell layer and the secretory osteoblasts is now clear, 
as shown in Fig. 5. We recently isolated four mono- 
clonal antibodies, SB1, 2, 3, and 5, which have 
helped provide evidence for an osteoblast lineage 
(3,4). Progenitor cells in the stacked cell layer and 
ostcocytes do not interact with SB 1 , 2, or 3. Newly 
differentiated osteogenic cells react with SB1, but 
noL with SB2 or 3, whereas fully secretory osteo- 
blasts react with SB I, 2, and 3. A subpopulation of 
osteogenic ceils reacts with SB2, but not SB3. Os- 
teocytes react with 037.3 of Nijweidc and Mulder 
(38) or with our SB5, but not with SB 1 , 2, or 3. The 
lineage tree in Fig. 3 is based on these observations 
and not only establishes the existence of an osteo- 
blastic lineage but suggests that osteocytes are de- 
rived directly from osteoblasts with SBl, 2, and 3 
antigens that are suppressed as SB5 and OB7.3 arc 
turned on. Experiments are now in progress to use 
these monoclonal antibodies to isolate representa- 
tives of each lineage stage so that studies can be 
conducted to identify the agents that promote the 
progression from one lineage stage to the next. Cen- 
tral to the thesis presented below is the existence of 
osteoprogenitor cells in the stacked cell layer, the 
future periosteum. 
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FIG. 4. Sequence of progressive In vivo bone 
development. Progressive repositioning of the 
vasculature from outside the stacked cell layer 
to a position in close approximation to the first 
layer of secretory osteoblasts responsible for 
formation of the first bony collar of the chick 
Ubla (11,47,48). The osteoblast Is oriented with 
Its back toward the invading capillary and secre- 
tion of osteoid toward the cartilage core from 
the osteoblast's face. In this model, osteoblasts 
secrete osteoid In a direction away from vascu- 
lature (B), causing formation of a strut (C) and 
eventually forming the second layer of bone (D). 
These observations show that an Intimate rela- 
tionship exists between vasculature and newly 
forming bone, 
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BIOACTIVE FACTORS IN BONE 

From the earliest days of modern humans, bone 
has been recognized to have the powerful capacity 
to repair discontinuities (22). A variety of bioactive 
factors combine in a complex multicellular, multi- 
step response in which reparative cells are specifi- 
cally attracted to the repair site. These cells then 
aggregate, multiply, bridge the bone gap, and dif- 
ferentiate into chondrocytes or osteoblasts as con- 
trolled by the proximity to vasculature. Recently, 
an intensive research activity to identify and char- 
acterize these various bioactive factors was largely 



successful (56,66,67,69). Our laboratory has de- 
scribed the purification of a protein factor, chon- 
drogenic stimulating activity (CSA), which converts 
embryonic limb mesenchymal cells to chondrocytes 
(63,64). We arc also attempting to purify a bone- 
derived chemoattractant for mesenchymal cells by 
using the now standard modified Boyden chamber 
(31,33). 

Relevant to the thesis developed below, the iden- 
tity and manipulation of the cells responding to 
bone-derived bioactive factors is directly related to 
successful bone repair. Such responding cells are 
present in the adult periosteum (36), dermis (49), 
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FIG. 5. Osteogenic cell lineage. Based on recent experimen- 
tation In which monoclonal antibodies were generated to cell 
surface antigens of osteogenic cells (3,4), a tentative lineage 
diagram reflects acquisition or loss of specific antigenic de- 
terminants. The characteristics of SB1, 2, and 3 were de- 
scribed previously (3); SB-5 (4) has been characterized and Is 
similar to OB7.3 of Nljwelde and Mulder (38). The Individual 
lineage states are not weighted In terms of their prevalence 
or dwell-tlme; e.g., "transitory osteoblast V occurs rarely 
and cannot be recognized easily except at specific times and 
locations, whereas the "secretory osteoblast" Is easily rec- 
ognized and plentiful. 



bone marrow (1 ,40,41,45), and connective tissue as- 
sociated with muscle (34,37). One or all of these 
repositories arc capable of forming bone when ap- 
propriately delivered bioactive factors are pre- 
sented, 

Alternately, when the responsive cells, stem 
cells, arc placed in suitable delivery vehicles that 
can retain these cells while encouraging vascular 
invasion, bone can be observed to form. Recently, 
we used calcium phosphate porous ceramics in 
composite with marrow to encourage bone forma- 
tion at both heterotopic and orthotopic sites (40,41). 
Whole disaggregated marrow cells in suspension 
are loaded into porous ceramic and transplanted to 
subcutaneous, intramuscular, or bone defect sites 



in vivo. In 1-2 months, the few mesenchymal stem 
cells in the marrow have replicated massively and 
differentiated into osteoblasts. In the dead-end 
pores of the ceramic, which are devoid of vascula- 
ture, these stem cells differentiate into chondro- 
cytes and form cartilage. 

MESENCHYMAL STEM CELLS 

From the above discussion several key facts arc 
evident. First, embryonic mesenchymal stem ccJls 
in the limb which give rise to cartilage and bone in 
vivo can be manipulated in vitro. Second, these 
cells have a lineage progression of separate, indi- 
vidual steps, whether it be the chondrogenic or os- 
teogenic pathway. Third, local cuing, sometimes in- 
volving highly potent protein factors, is responsible 
for providing positional information and causing lin- 
eage progression. Cell culture conditions have been 
refined to the extent that not only can these pro- 
gressive events be studied in detail, but manipula- 
tion of the cells is also possible to provide control of 
tissue size and function. 

Fourth, although chondrocytes and osteoblasts 
are derived from a common mesenchymal cell, the 
conditions for their initial differentiation and pro- 
gression through the individual steps of their lin- 
eages are uniquely different. For example, osteo- 
genesis is dependent on proximity to vasculature 
whereas chondrogenesis requires the complete ab- 
sence of vasculature (7,10,11,16); osteogenesis is 
optimum at an initial cell culture seeding density in 
35-mm dishes of 2 x 10 6 embryonic limb mesenchy- 
mal cells, whereas chondrogenesis is optimum at 5 
X 10 6 cells (5,17,42). 

Fifth, bone forms from mesenchymal stem cells 
in a cartilage-independent manner with vasculature 
providing a determinative discriminator between 
these two tissues; embryonic cartilage is not re- 
placed by bone, but rather by vasculature and mar- 
row (10,11,16). Sixth, we can demonstrate that 
three tissue sites are the repositories of mesenchy- 
mal stem cells: marrow (1,40,41,45), periosteum 
(36), and muscle connective tissue (34,37). 

MARROW 

Figure 6 outlines an assay to demonstrate that 
marrow contains mesenchymal stem cells capable 
of differentiation into cartilage and bone. Whole 
marrow is disrupted into single cells by passing it 
through needles of successively smaller sizes; the 
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FIG. 6. Diffusion chamber assay In nude mice. Cell samples 
from marrow or other sources can be loaded Into chambers 
composed of two Mllllpore filters glued to the edges of a 
plastic ring. These chambers are then Implanted In the peri- 
toneal cavity of athymic (nude) mice as a highly vascular In 
vivo Incubation site. The filters prevent host ceils from enter- 
ing the chambers but permit rapid diffusion of nutrients and 
other factors Into or out of the chamber, Histologic Identifi- 
cation of two distinctive phenotypes, cartilage and bone, In- 
dicates that mesenchymal stem cells were present In the Ini- 
tial Inoculum (1,2,45). 



cells arc counted, and 1— 10 x 10 f ' cells arc placed in 
a small diffusion chamber (1,2,45). This chamber is 
of simple construction consisting of a small plastic 
ring onto which two Millipore filters have been 
glued. The filters allow body fluids (salts, nutrients, 
proteins, large protein complexes) to pass in and 
out of the chamber, but cells inside are not mixed 
with host cells, and tissues such as the vasculature 
are completely excluded. These chambers are im- 
planted into the peritoneal cavity of an athymic 
(nude) mouse as an in vivo incubator, and they 
quickly become surrounded by host vasculature, 
Detailed studies have shown that the hematopoietic 
cells are eliminated, whereas mesenchymal cells 
vigorously divide and differentiate into cartilage in 
the middle of the chamber and bone at the filter 
interfaces closest to the enveloping vasculature 
(1,2,45), The presence of both cartilage and bone in 
the diffusion chamber has been compared to the 
presence of predominantly bone inside the highly 
vascularized pore regions of porous calcium phos- 
phate ceramics loaded with, marrow cells and im- 
planted at heterotopic or orthotopic sites described 
above (40,41). 

As a refinement of these experiments, we have 
been able to purify marrow mesenchymal cells by 
their differential adhesion to culture dishes and 
have successfully cultured cells through many pas- 
sages (23). These cultured marrow mesenchymal 
cells from rat or chicken retain their capacity to 
differentiate into osteoblasts in ceramics through 



such subculturing. Of importance is the demon- 
strated success of isolating marrow mesenchymal 
cells and mitotically expanding these cells with re- 
tention of their full developmental potency to dif- 
ferentiate into osteoblasts or chondrocytes. 

Periosteum 

Another repository for mesenchymal stem cells is 
the periosteum, a complex layer of cells that com- 
poses the outermost layer of long bone; we have 
termed the periosteum the stacked cell layer in de- 
veloping embryos (1,16,47,48). This layer clearly 
responds to injury by rapidly expanding and form- 
ing woven bone; it also has cells capable of differ- 
entiating into chondrocytes when the periosteum is 
transplanted into an articular cartilage defect (39), 
In experimentation paralleling that described above 
for marrow mesenchymal cells, we have been suc- 
cessful in culturing and passaging periosteal cells 
(36). In porous ceramics implanted in nude mice, 
these cultured periosteal cells differentiate into os- 
teoblasts (36). When the same cell preparation is 
injected into a subcutaneous site in a nude mouse, 
the cultured periosteal cells differentiate into both 
bone and cartilage (36), The important point is that 
culture-expanded periosteal cells retain their full 
developmental potency and can be manipulated to 
form two very complex and different tissues, bone 
or cartilage. 

THE FUTURE: (SELF-CELL THERAPY) 

Several important conceptual and technical ad- 
vances have converged to allow us to consider the 
possibility of using a patient's own mesenchymal 
stem cells as starting material for tissue repair pro- 
tocols. Mesenchymal stem cells must exist to main- 
tain the living organisms, just as hematopoietic 
Stem cells must exist to support both red and white 
blood cell turnover. Developmental biology has 
taught us that differentiated cells arise in a sequence 
of definitive cellular and molecular transitions, a 
lineage, from stem cell to end phenotypc. Bone, for 
example, turns over; new osteoblasts arise, have a 
defined half-life, make new bone, and then die, to 
be replaced by other newly differentiating end-stage 
osteoblasts. Such osteoblasts must arise from stem 
cells; thus, a living organism must have repositories 
of stem cells. 

Therefore, we might be able to isolate such hu- 
man mesenchymal stem cells and place them in cell 
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culture, where we could mitotically expand their 
numbers. Eventually, if we had enough of these 
cells, we could reintroduce them into the original 
donor in a manner that guaranteed that they would 
massively differentiate into a specific tissue, such 
as cartilage or bone, at a transplantation or repair 
site. Immunorejection would not be a problem be- 
cause the donor and host would be one and the 
same. 

The first experimental step to test this idea is to 
determine if the animal-based technology described 
above can be modified to be used with human ma- 
terial. The first attempts at this have been highly 
encouraging. Recently, human marrow was intro- 
duced into diffusion chambers which were placed in 
nude mice; both cartilage and bone were eventually 
observed in the chamber (2). We recently cultured 
human marrow and isolated mesenchymal cells that 
were passaged, introduced into porous ceramics, 
and implanted subcutnneously in nude mice, In the 
pore regions of these highly vascularized compos- 
ites, bone clearly formed in every sample of culture- 
expanded, marrow-derived mesenchymal cells 
tested (27). These preliminary experiments provide 
hope that the animal-based technology developed 
for mesenchymal cells from marrow or periosteum 
will be translatable to humans. 

The concept of ex vivo manipulation of cells and 
their reimplantation into a donor is the basis for 
proposing self-cell therapy as a future possibility. 
Massive bone regeneration to fill gaps from tumor 
excision, regeneration of damaged articular carti- 
lage, and maintenance of bone formution in the eld- 
erly at risk for osteoporosis are clinical protocols 
that require large numbers of the appropriate repar- 
ative skeletal cells. The patient's own mesenchymal 
stem cells may prove to be the basis of a new, cell- 
based treatment plan requiring the merging of mo- 
lecular biology to produce specific bioactive fac- 
tors, cell biology to develop ex vivo manipulation 
regimens, and surgeons able to implant cells capa- 
ble of repairing skeletal defects by the regeneration 
process. 
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Summary 

Background Emerging evidence suggests that stem cells and 
progenitor cells derived from bone marrow can be used to Improve 
cardiac function In patients after acute myocardial infarction. In this 
randomised trial, we aimed to assess whether intracoronary transfer of 
autologous bone-marrow cells could improve global left-ventricular 
ejection fraction (LVEF) at 6 months' follow-up. 
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Methods After successful percutaneous coronary intervention (PCI) for 
acute ST-segment elevation myocardial infarction, 60 patients were 
randomly assigned to either a control group (n=30) that received 
optimum postinfarction medical treatment, or a bone-marrow-cell 
group (n=30) that received optimum medical treatment and 
intracoronary transfer of autologous bone-marrow cells 4-8 days (SO 
1-3) after PCI. Primary endpolnt was global left-ventricular ejection 
fraction (LVEF) change from baseline to 6 months' follow-up, as 
determined by cardiac MRI. Image analyses were done by two 
investigators blinded for treatment assignment. Analysis was per 
protocol. 

Findings Global LVEF at baseline (determined 3-5 days [SD 1-5] after 
PCI) was 51-3 (9-3%) in controls and 50 0 (10 0%) In the bone-marrow 
cell group (p=0-59). After 6 months, mean global LVEF had increased 
by 0-7 percentage points In the control group and 6*7 percentage 
points in the bone-marrow-cell group (p=00026). Transfer of bone- 
marrow cells enhanced left-ventricular systolic function primarily in 
myocardial segments adjacent to the infarcted area. Cell transfer did 
not increase the risk of adverse clinical events, in-stent restenosis, or 
proarrhythmic effects. 

Interpretation Intracoronary transfer of autologous bone-marrow-cells 
promotes improvement of left-ventricular systolic function in patients 
after acute myocardial infarction. 

* top 



Introduction 

Rapid reperfusion of the infarct-related coronary artery is of great 
importance in salvaging ischaemic myocardium and limiting the infarct size 
in patients with acute myocardial infarction. When done expeditiously and 
expertly, percutaneous transluminal coronary angioplasty with stent 
implantation is the method of choice to re-establish coronary flow. 1 
Unfortunately, myocardial necrosis starts rapidly after coronary occlusion, 
usually before reperfusion can be achieved. 2 The loss of viable myocardium 
initiates a process of adverse left-ventricular remodelling, leading to 
chamber dilatation and contractile dysfunction in many patients. 3 In this 
context, much interest has followed from experimental studies showing that 
cardiac transfer of unfractionated bone-marrow cells, or stem cells and 
progenitor cells derived from bone marrow can enhance functional recovery 
after acute myocardial infarction. 4 ' 5 Based on these data, stem cells and 
progenitor cells derived from bone marrow have been proposed for use in 
the repair of cardiac tissue after acute myocardial infarction in patients. 6 ' 8 

Early clinical investigations indicate that infusion of autologous bone-marrow 
cells into the infarct-related coronary artery is feasible after acute myocardial 
infarction. 9 - 10 However, because these studies were not randomised trials, 
the efficacy of intracoronary transfer of bone-marrow cells for functional 
recovery after acute myocardial infarction in patients has remained 
uncertain. We did a randomised controlled trial to assess the effect of 
intracoronary transfer of autologous bone-marrow cells on left-ventricular 
functional recovery in patients after acute myocardial infarction and 
successful percutaneous coronary intervention (PCI). 

* top 
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Patients 



Patients were eligible if they were admitted within 5 days of the onset of 
symptoms of a first ST-segment elevation myocardial infarction, had 
undergone successful PCI with stent implantation in the infarct-related 
artery, and had hypokinesia or akinesia involving more than two thirds of the 
left-ventricular anteroseptal, lateral, and/or inferior wall, as shown by 
angiography done immediately after PCI. We excluded patients who had 
multivessel coronary artery disease, pulmonary oedema, cardiogenic shock, 
advanced renal or hepatic dysfunction, or documented terminal illness or 
cancer. 



This random ised-controlled study of BOne marrOw transfer to enhance ST- 
elevation infarct regeneration (the BOOST trial) was approved by our local 
Ethics Committee. Patients provided written informed consent. 

Randomisation and baseline cardiac MRI 

Patients were randomly allocated in a 1:1 ratio to either the control or bone- 
marrow-cell groups, with use of sequentially numbered, sealed envelopes 
provided by 1ST (DM). After randomisation, all patients underwent cardiac 
MRI. 



Harvest and transfer of bone-marrow cells 

After baseline cardiac MRI, bone marrow was harvested from patients in the 
bone-marrow-cell group. Bone marrow was processed by 4% gelatine- 
polysuccinate density gradient sedimentation according to current Good 
Manufacturing Practice (GMP) regulations (Cytonet, Hannover, Germany), 
to reduce the volume of the preparation and to deplete erythrocytes and 
platelets. The final suspension of bone-marrow cells was washed and 
resuspended in saline with 10 000 U/L heparin. 

We used an automated haemocytometer to measure the number of 
nucleated cells, packed-cell volume, and platelet count in the initial bone 
marrow aspirate and in the final preparation of bone-marrow cells. 
Nucleated cell viability was assessed by trypan blue exclusion. We 
measured the number of CD34+ cells with flow cytometry analysis 
(FACSCalibur, BD Biosciences, Heidelberg, Germany) using an antibody 
from Beckman Coulter (Krefeld, Germany). Haemopoietic colony-forming 
cell growth was measured by a methylcellulose assay (StemCell 
Technologies, St Katharinen, Germany). 

6-8 h after bone-marrow harvest, the final preparation of bone-marrow cells 
was infused into the infarct-related artery via the central lumen of an over- 
the-wire balloon catheter (Concerto, Occam International, Eindhoven, 
Netherlands). To allow bone-marrow cells maximum contact time with the 
microcirculation of the infarct-related artery, the balloon was inflated inside 
the stent to transiently interrupt antegrade blood flow during infusions. The 
entire bone-marrow-cell preparation was infused during four to five coronary 
occlusions, each lasting 2-5-4 min. Between occlusions, the coronary artery 
was reperfused for 3 min. 

Follow-up 

All patients were treated with aspirin (300 mg daily for 4 weeks after PCI, 
then 100 mg daily), clopidogrel (300 mg loading dose, then 75 mg daily for 
at least 4 weeks after PCI), an angiotensin-converting enzyme (ACE) 
inhibitor or angiotensin-receptor blocker, a Bblocker, and a statin (if LDL 
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cholesterol concentrations were above 2-6 mmol/L), unless these agents 
were contraindicated. At both 6 weeks and 3 months after discharge, 
patients had follow-up examinations to assess their clinical status and to 
review their current medication. Where necessary, dosages of angiotensin- 
converting enzyme inhibitors (ACE-inhibitors), angiotensin-receptor 
blockers, Rblockers, and statins were adjusted in accordance with current 
practice guidelines. 1112 6 months after discharge, cardiac MRI was 
repeated in all patients. In addition, patients were scheduled to undergo 
coronary angiography to assess the degree of restenosis in the stented 
segment of the infarct-related artery. Restenosis was quantified with a 
computer-based system (CMS, Medical Imaging Systems, Leiden, 
Netherlands) by an investigator unaware of treatment assignment (AM). 

To assess whether intracoronary bone-marrow-cell transfer was associated 
with proarrhythmic effects, we obtained 24 h Holter recordings from all 
patients before hospital discharge, and at 6 weeks', 3 months', and 6 
months' follow-up. From these recordings, the mean number of premature 
ventricular complexes per h was calculated. We also recorded the number 
of non-sustained and sustained ventricular tachycardias per recording. In 
addition, patients were scheduled to undergo programmed ventricular 
stimulation at 6 months' follow-up. Ventricular stimulation was done at the 
right-ventricular apex and the right-ventricular outflow tract with single, 
double, and triple extra stimuli at twice the diastolic threshold and basic 
cycle lengths of 500 ms and 400 ms. 

Cardiac MRI 

Cardiac MRI was done with the patient in supine position in a 1.5-T scanner 
(CV/i, General Electric, Munich, Germany) using electrocardiogram (ECG) 
gating and a four-element phased array receiver coil. To measure left- 
ventricular volumes, we used repeated breath-hold fast gradient echo 
sequences in a steady state (FIESTA, General Electric). Sequence 
parameters were as follows: TR/TE 3-8/1-6 ms, 40° flip angle, 224x224 
matrix, field of view 36-38 cm, in-plane resolution 1-6x1 -6-1 7x1-7 mm, 38- 
40 phases per RR-interval, 10 mm slice thickness. An end-diastolic, 
horizontal long-axis plane of the left ventricle at end-expiration provided the 
reference image on which a stack of contiguous short-axis slices was 
positioned to cover the entire left ventricle. 

Contrast-enhanced MRI was used to assess myocardial injury after acute 
myocardial infarction. 13 A breath-hold k-space segmented T1 weighted 
inversion recovery gradient echo sequence was used to cover the entire left 
ventricle with 7-8 mm short-axis slices as described above (TR/TE 7 1/3 1 
ms, 256x192 matrix, field of view 36-38 cm, in-plane resolution 1-4x1*9- 
1-5x2 0 mm). Inversion time (200-220 ms) was individually adapted to null 
the signal of the myocardium. End-diastolic images were obtained starting 
15 min after an intravenous bolus injection of 0*15 mmol/kg gadobutrol, a 
gadolinium-based extracellular contrast agent (Schering, Berlin, Germany). 

All image analyses were done by two investigators who were unaware of 
treatment assignment (CB and SF), using the MASS 4.0.1 software (Medical 
Imaging Systems). Endocardial and epicardial borders were traced in all 
end-diastolic and end-systolic short-axis slices to determine left-ventricular 
end-diastolic volumes (LVEDV) and end-systolic volumes (LVESV) for 
global and regional calculation of left-ventricular ejection fraction (LVEF), 
and left-ventricular mass. For assessment of infarct volumes, late contrast 
enhancement was quantified. LVEDV index, LVESV index, and left- 
ventricular-mass index were calculated by dividing LVEDV, LVESV, and left- 
ventricular mass by body surface area. Regional LVEF was derived by 
calculating LVEF only in slices showing late contrast enhancement at 
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baseline. Regional left-ventricular function was assessed by determining 
systolic wall motion in the infarct region and border zone. Systolic-wall 
motion was defined as the radial displacement of the endocardial contour at 
systole. Myocardial segments showing late contrast enhancement at 
baseline were defined as the infarct region. Segments adjacent to the infarct 
region were defined as the border zone. 

Statistical analysis 

Primary endpoint was the change from baseline in global LVEF at 6 months' 
follow-up. Secondary endpoints were changes in LVEDV index, LVESV 
index, left-ventricular-mass index, and late contrast enhancement. We 
calculated that we would need 30 patients in each group to achieve a power 
of at least 80% to detect a difference in global LVEF change of 5 percentage 
points between study groups, with a two-sided significance level of p<0*05, 
and a common standard deviation of 6-5 percentage points for the global 
LVEF change from baseline to 6 months 1 follow-up. We used ANCOVA to 
compare global LVEF changes in the two study groups, with bone-marrow- 
cell treatment as the main factor and LVEF at baseline as a covariate. To 
estimate the treatment effect, differences in least-squares means and 
corresponding 95% CI were calculated based on the ANCOVA model. We 
analysed secondary endpoints using the same methods. The consistency of 
the treatment effect on global LVEF change was assessed across several 
subgroups. All statistical tests were two-sided with a significance level of 
p<005. 

Homogeneity of treatment groups at baseline was assessed using Student's 
t test for continuous variables showing no marked deviations from the 
normal distribution. For other continuous variables or ordinal baseline data, 
the Wilcoxon rank-sum test was used. Categorical baseline data were 
investigated using X 2 tests. The relation between the number of nucleated 
cells, CD34+ cells, and haemopoietic colony-forming cells infused into the 
infarct-related coronary artery and subsequent global LVEF changes were 
assessed with Pearson's correlation coefficient. Subgroup analyses were 
not prespecified but were exploratory in nature. All subgroup analyses are 
reported. 

A tOP 



Results 

Between January, 2002, and May, 2003, 78 patients were informed about 
the trial. 65 patients were randomly allocated to treatment. After 
randomisation, five patients were withdrawn because they could not 
undergo cardiac MRI, either because of claustrophobia or severe obesity. 
The final cohort included 30 controls and 30 patients in the bone-marrow- 
cell group (figure 1). Table 1 shows patients' baseline characteristics. All 
patients received optimum postinfarction medical treatment (table 1). 



F/guref ;Trlal profile 

BMC=bone-marrow cell. 
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Control group BMC group 


P 




(n=30) 


(n=30) 




Age (years) 


59-2 (13-5) 


53-4 (14-8) 


011 


Men 


22 (73%) 


20 (67%) 


0-57 


Body-mass index (kg/m 2 ) 


26-2 (4-2) 


25-8 (3 0) 


067 


Diabetes mellitus 


3(10%) 


3 (10%) 


10 


Hyperlipidaemia* 


7 


9 


0-56 


Hypertension 


13 (43%) 


9 (30%) 


0-28 


Current cigarette use 


17 (57%) 


18(60%) 


0-79 


(number of patients) 








Median time from symptom 


8 0 (3-120) 


9 8 (2-22) 


0 92 


onset to PCI (h) (range) 








Killip class 








1 


25 (83%) 


23 (77%) 


0-51 


2 


5(17%) 


7 (23%) 




3or4 


0 


0 




Infarct-related artery 








Right coronary artery 


7 (23%) 


7 (23%) 


10 


Left coronary artery 


23 (77%) 


23 (77%) 




TIM I flow grade 








before PCI: 






0-73 


Grade 0 or I 


16 (53%) 


13 (43%) 




Grade II 


13 (43%) 


16 (53%) 




Grade III 


1 (3%) 


1 (3%) 




after PCI: 






075 


Grade 0 or I 


0 


0 




Grade II 


7 (23%) 


6 (20%) 




Grade III 


23 (77%) 


24 (80%) 




Maximum serum creatine 


2844 (1161) 


2968 (1867) 


077 


kinase concentration (U/L) 








Maximum serum creatine 


156 (51) 


175 (123) 


0-46 


kinase MB concentration (U/L) 








Maximum serum troponin 


7-4 (4-4) 


7 4 (5-5) 


0-99 


T concentration (ug/L) 








Periprocedural therapy 








Thrombolytic therapy before PCI 


10 (33%) 


14 (47%) 


0 29 


Platelet glycoprotein llb/llla inhibitors 


14 (47%) 


14(4 


Median number of stents (range) 


1 (1-5) 


1 d-2) 


0-40 


Size of stent (mm) 


3-3 (0-4) 


3 3 (0-4) 


10 


Length of stent (mm) 


17-5 (9-6) 


17 6 (6 4) 


0 97 


Lesion characteristics 






071 


Type A 


8 (27%) 


6 (20%) 




Type B 


16 (53%) 


19 (64%) 




Type C 


6 (20%) 


5 (3%) 




Medication at primary discharge: 








Aspirint and clopidogrel 


29 (97%) 


30 (100%) 




ACE-inhibitors or angiotensin- 


30(100%) 


30 (100%) 
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receptor blockers 

a blockers 30 (1 00%) 29 (97%) 

Statins 29 (97%) 30 (1 00%) 
at 6 months* follow-up: 

Aspirint 27 (97%) 29 (97%) 

ACE-inhibitors or angiotensin- 30 (100%) 30 (100%) 
receptor blockers 

(i blockers 30 (1 00%) 29 (97%) 

Statins 28 (93%) 28 (93%) 

BMC=bone-marrow cell. ACE=angiotensin-converting enzyme. Data are 
means (SD) or n (%) unless otherwise stated. *Serum cholesterol >5 2 
mmol/L. fPatients not receiving aspirin were treated with phenprocoumon. 
Table 1: Patients' characteristics 



Mean time from PCI to baseline cardiac MRI was 3-5 days (SD 1 -5). Mean 
time from PCI to bone-marrow harvest was 4-8 days (1 3). Time from 
symptom onset to harvest of bone-marrow cells was 5-7 days (1 2). On 
average, 128 mL (33) of bone marrow was aspirated from the posterior iliac 
crest during a brief general anaesthesia with midazolam and etomidate. No 
bleeding complications at the harvest site were noted. 

During preparation of bone-marrow celts, the sedimentation process 
reduced the volume of bone-marrow cells to a mean of 26 mL (SD 4) and 
recovered 75% (12) of nucleated cells from the initial bone-marrow aspirate. 
The final preparation of bone-marrow cells contained 24-6x1 0 8 (SD 9*4x1 0 8 ) 
nucleated cells (viability 99% [2]), 9-5x1 0 6 (6-3x1 0 6 ) CD34+ cells, and 
3-6*1 0 6 (3-4x1 0 6 ) haemopoietic colony-forming cells. The packed cell 
volume of the final bone-marrow-cell preparation was 31% (1 1), and the 
platelet count was 182x10 6 (93x1 0 6 ) per mL . 

Changes of LVEDV index, LVESV index, left-ventricular-mass index, and 
late-contrast enhancement from baseline to 6 months' follow-up did not differ 
significantly between the control and bone-marrow-cell groups (table 2). The 
increase in LVEDV index at 6 months was slightly higher in the bone- 
marrow-cell group, whereas LVESV index tended to decrease more in the 
bone-marrow-cell group (table 2). 6 months after randomisation, global 
LVEF increased significantly in the bone-marrow-cell group compared with 
controls (p=0 0026) (table 2 and figure 2). The effects of bone-marrow-cell 
transfer on global LVEF change at 6 months* follow-up were consistent in all 
investigated subgroups (figure 3), The improvement in global LVEF after 6 
months' follow-up was not correlated with the number of nucleated cells (r= - 
0-11, p=0-57), CD34+ cells (r=0-13, p=0-48), or haemopoietic colony-forming 
cells (r= -014, p=0-46) infused into the infarct-reiated coronary artery. 





Baseline 




6 








months 




Controls 


BMC 


Controls 






group 




LVEDV 


81-4 


84-2 


849 


index 


(169) 


(172) 


(21-9) 


(mL/m 2 ) 








LVESV 


40-6 


430 


426 


index 


(16-9) 


(147) 


(23-5) 



Change BMC p 

treatment 
effect* 



BMC 


Controls 


BMC 




group 




group 




917 


3-4 


7-6 


4 0 (-4-4 0-32 


(260) 


(111) 


(200) 


to 12 5) 


42-4 


20 


-0-6 


-3-2 (-9 7 0 33 


(23-9) 


(111) 


(14-9) 


to 3-3) 
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(mL/m 2 ) 

Global 51-3 50 0 52*0 56-7 0-7 (8-1) 67 6 0 (2 2 to 0 0026 

LVEF (9-3) (10 0) (12-4) (12-5) (6-5) 9-9) 

(%) 

LVM 78-2 827 717 71-9 -6-5 -10-8 -2-5(7-3 0-30 

index (18-3) (18 7) (14 2) (14-6) (12-8) (10-6) to 2-3) 
(9/m 2 ) 

LE(mL)30-3 33 0 19-8 18-9 -10-5 -14 1 -2-2 (-5-4 0-18 

(17*4) (21 1) (9 8) (12-2) (10-6) (13 0) to 10) 

BMC=bone-marrow cell. Data are mean (SD) unless otherwise stated. 
•Treatment effects expressed as differences in least-squares means 
(ANCOVA model) with 95% CI. LVM=left ventricular mass. LE=late contrast 
enhancement. There were no differences between groups at baseline. 
Table 2: Left ventricular volume and mass Indices, global LVEF, and 
late enhancement as determined by contrast-enhanced MRI at 
baseline and 6 months' follow-up 



F/gure2:Global LVEF at baseline and 6months' foilow-up 

*p=0 0026 for difference between groups. Small dots show data for 
individual patients; large dots show mean values. Vertical bars show SD. 



F/gured;Subgroup analyses of global LVEF changes from baseline at 
6months v follow-up 

LE=late contrast enhancement. BMObone-marrow cell. *Median values of 
the whole study population were used to create subgroups of equal size. 
^Cardiovascular risk factors were diabetes, total cholesterol concentration 
greater than 5*2 mmol/L , hypertension, or current smoking. Oval dots show 
differences of least-squares means between groups; horizontal bars show 
95% CI. 



Compared with the control group, patients in the bone-marrow-cell group 
had increased regional LVEF (p=0 04) and systolic wall motion in the border 
zone (p=0 03) at 6 months. By contrast, systolic wall motion in the infarct 
region was not significantly enhanced by transfer of bone-marrow-cells 
(table 3). Representative colour-coded images showing the effects of bone- 
marrow-cell transfer on left-ventricular function are shown in figure 4. 



Baseline 6 Change BMC p 

months treatment 

Controls BMC Controls BMC Controls BMC effectt 
group group group 

Regional 47-8 46-3 48*9 53 0 1-1 6 7 5 7 (0-2 to 0 04 
LVEF (9 7) (10*6) (15 2) (15*5) (11 8) (9 5) 113) 
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(%) 

Systolic 3-9(1-8) 4*4 4-9(2-9) 5-9 1 0(2-5) 1-5 0-6 (-0-6 0-32 
wall (1-9) (2-5) (2-1) to 1-8) 

motion 
(mm), 

infarct region 

Systolic 6-8(1-6) 7 0 6-8(2-1) 8-0 -0-1 1 0 1-1 (0-1 to 0 03 

wall (1-7) (2-1) (2-2) (1-9) 2-1) 

motion 

(mm), 

border 

zone 

BMC=bone-marrow cell. Data are mean (SD). Treatment effects are 
expressed as differences in least-squares means (ANCOVA model) and 
95% CI* There were no differences between groups at baseline- 

Table 3: Regional LVEF and systolic wail motion as determined by 
contrast-enhanced MRI at baseline and 6 months' follow-up 




*liBBllill 

F/gure4;Representative colour-coded images showing systolic wall 
motion at baseline and 6months* follow-up in two patients 

Both patients had had an anterior acute myocardial infarction. Bright 
colours indicate good systolic wall motion, whereas dark colours indicate 
poor wall motion (expressed in mm). Note improved functional recovery in 
the patient treated with bone-marrow-cells. 



No patient died or was lost to follow-up. There were no increases in troponin 
T concentrations in serum in any of the patients 24 h after intracoronary 
transfer of bone-marrow cells, indicating that the procedure did not inflict 
additional ischaemic damage to the myocardium. In 6 months of follow-up, 
three controls and one patient from the bone-marrow-cell group needed at 
least one hospital admission for worsening heart failure. One person from 
the bone-marrow-cell group developed a non ST-segment elevation 
myocardial infarction in the left circumflex territory 4 months after transfer of 
bone-marrow-cells into the left anterior descending coronary artery. This 
patient underwent PCI of the left circumflex coronary artery and completed 
the study. 

There were no differences between the control and bone-marrow-cell 
groups with respect to the number of premature ventricular complexes per h 
and the occurrence of non-sustained or sustained ventricular tachycardias 
by Hotter monitoring at 6 weeks', 3 months', and 6 months* follow-up. 28 
(93%) controls and 27 (90%) patients who had bone-marrow-cell transfer 
agreed to undergo an electrophysiological study at 6 months' follow-up. A 
non-sustained ventricular tachycardia was inducible in one control patient 
and in one bone-marrow-cell transfer patient. Ventricular fibrillation was 
inducible in one control patient. In 29 (97%) controls and 28 (93%) patients 
who had bone-marrow-cell transfer, coronary angiograms were obtained at 
6 months* follow-up. Mean in-stent restenosis in the infarct-related artery, 
expressed as a percentage of luminal diameter, was 32% (SD 20) in the 
control group and 33% (23) in the bone-marrow-cell group (p=0*88). Four 
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patients from the control group and seven from the bone-marrow-cell group 
presented with an in-stent restenosis of at least 50% (p=0-28). One patient 
from the control group developed total in-stent occlusion. 
* top 



Discussion 

Our randomised controlled clinical trial addresses the effect of autologous 
bone-marrow-cell therapy on left-ventricular functional recovery after acute 
ST-segment elevation myocardial infarction. We have shown that infusion of 
autologous bone-marrow-cells into the infarct-related coronary artery during 
the early postinfarction period (4-8 days after symptom onset) improves 
recovery of global LVEF after 6 months. 

In view of the size of our trial, subgroup analyses must be considered with 
caution. With this caveat in mind, it is noteworthy that the effects of bone- 
marrow-cell transfer on global LVEF change were consistent across all 
investigated subgroups. The effects of cell transfer were over and above 
benefits associated with established strategies to promote functional 
recovery after acute myocardial infarction, such as PCI with stent 
implantation, and postinfarction pharmacotherapy with ACE-inhibitors, 
angiotensin-receptor blockers and Bblockers. 11,12 

Global LVEF at baseline was 51% (SD 10) in our patient cohort, which is 
consistent with previous MRI studies in patients after myocardial 
infarction. 14 - 15 In healthy adults, normal LVEF values of 67% (5) have been 
shown with MRI. 16 Therefore, patients enrolled in our study had substantial 
functional impairment. Global LVEF increased by only 0-7 percentage points 
after 6 months 1 in the control group, emphasising the need for additional 
therapeutic strategies to enhance functional recovery in patients with acute 
myocardial infarction. Since 40% of patients had been transferred for rescue 
PCI from outside hospitals, the average time from symptom onset to PCI 
was quite long in our trial (median 8-5 h). Previous studies have shown that 
greater LVEF improvement (up to 4 percentage points) can be achieved 
when coronary patency is re-established within 4 h of symptom onset. 17,18 
Of note, however, is that in these studies baseline LVEF was measured 
within 24 h of PCI. 17,18 By contrast, we assessed baseline LVEF 3-5 days 
(SD 1-5) after PCI, at a time when left-ventricular function is likely to have 
partly recovered from postischaemic myocardial dysfunction (ie, stunning). 19 
Similar to the results obtained in our control group, two MRI studies that 
used serial LVEF measurements in patients with reperfused myocardium 
after acute myocardial infarction have reported no significant improvement in 
LVEF from a baseline investigation at day 5-7, to follow-up at 3-6 
months. 14,15 

Improvement of global LVEF in the treatment group was due mostly to 
improved regional systolic wall motion in the infarct border zone. Left- 
ventricular end-diastolic volumes did not decrease, indicating that transfer of 
bone-marrow-cells did not improve left-ventricular remodelling at 6 months. 
Longer follow-up of our patients is required (and will be done) to assess the 
impact of bone-marrow-cell transfer on long-term left-ventricular structural 
adaptation after acute myocardial infarction. 

Because of ethical considerations, we decided not to do bone-marrow 
aspiration and a sham left-heart catheterisation in patients randomised to 
the control group. Importantly, however, all MRI data were analysed by two 
investigators who were not aware of treatment assignments. 
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Our study was not designed to assess underlying mechanisms of treatment 
with bone-marrow-cells that promote functional recovery after acute 
myocardial infarction. Apparently, transdifferentiation of bone-marrow- 
derived haemopoietic stem cells to cardiomyocytes cannot account for the 
beneficial effects. 20 ' 21 Instead, recent papers have highlighted the potential 
of bone-marrow cells to promote paracrine effects in ischaemic tissues (eg, 
secretion of angiogenic factors), and suggest that paracrine signalling, 
rather than cell incorporation, promotes functional recovery. 6 ' 22 " 25 

Our experience suggests that intracoronary bone-marrow-cell transfer is 
safe; specifically, there was no evidence for an increased rate of in-stent 
restenosis or proarrhythmic effects. It should be noted that high rates of in- 
stent restenosis have been reported after intracoronary transfer of 
granulocyte colony-stimulating-factor mobilised peripheral-blood 
mononuclear cells 26 Importantly, granulocyte colony-stimulating factor, 
which may promote in-stent restenosis by enhancing neutrophil recruitment 
at sites of tissue injury, 27 was not used in our study. Intracoronary injection 
of bone marrow-derived mesenchymal stromal cells has been shown to 
cause microinfarctions in dogs 28 It should be noted that nucleated bone- 
marrow cells are significantly smaller than expanded mesenchymal stromal 
cells ex vivo, 28 which may explain why we, and others, 10 did not observe 
infarctions (ie, increases in concentrations of troponin T in serum) after 
intracoronary transfer of bone-marrow cells. 

Our results lend support to the concept that autologous bone-marrow cells 
can be used to enhance left-ventricular functional recovery in patients after 
acute myocardial infarction. Larger trials are needed to address the effect of 
bone-marrow cell transfer on clinical endpoints such as the incidence of 
heart failure and survival. 
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Principal Investigator GRIP - Guided. Radio Frequency in Peripheral Total Occlusions using the 
Safe-Cross™ Radio Frequency (RF) Total Occlusion (TO) Crossing System 

Principal Investigator HIPS Trial 

Principal Investigator Human Percutaneous Laser Angioplasty of the Coronary Arteries 
Principal Investigator Johnson & Johnson Intracoronary Stent Program Supplement #27 

"New" Delivery System 
Principal Investigator Kensey Nash Hemostatic Puncture Closure Device 
Principal Investigator Mansfield-Boston Scientific Strecker Coronary Stent 
Principal Investigator Medtronic AVE S7 with Discrete Technology Coronary Stent System 
Principal Investigator Medtronic AVE S7 Coronary Stent Registry 

Principal Investigator MOBILE Trial - More Patency with Beta for In-Stent Restenosis in the 

Lower Extremities Trial IDE #G010295; Protocol D00789 Rev B dated 12/01 
Principal Investigator NIR Stent Trial 
Principal Investigator Neurex/Elan Pharmaceuticals Trial 
Principal Investigator PAMI Stent Trial 
Principal Investigator Paragon Stent 
Principal Investigator Paris Radiatiori Trial 
Principal Investigator PaS Trial " 

Principal Investigator Percutaneous Coronary Angioscopy in Unstable Angina 

Principal Investigator Percutaneous Recanalization of Stenotic Human Coronary Arteries 

with Balloon Expandable Intracoronary Stents 
Principal Investigator Percutaneous Recanalization of Stenotic Human Saphenous Vein Bypass 

Graft with Balloon Expandable Intraluminal Stents 
Principal Investigator Percutaneous thermal Balloon Angioplasty 
Principal Investigator PMR Trial 

Principal Investigator Pravastatin or Atbrvastatin Evaluation and Infection Therapy (Prove It) 
Principal Investigator Presto Trial n y 

Principal Investigator RAVES Trial 
Principal Investigator RESCUE Trial 

Principal Investigator SAFER - Saphenous Vein Graft Angioplasty Free of Emboli Randomized 

Study Using the PercuSurge Guard Wire™ System 
Principal Investigator SAVED Trial 

Principal Investigator Schering-Plough Phase III Study of SCH 58235 in addition to 
Pravastatin compared to placebo In subjects with primary hypercholesterolemia 

Principal Investigator Long-Term, Open-Label, Safety and Tolerability Study of SCH 58235 
in Addition to Pravastatin in Patients with Primary Hypercholesterolemia 

Principal Investigator Schneider WINS Trial 

Principal Investigator SCORES Trial, r 

Principal Investigator Sepracor Study of Norastemizole in Cardiac Compromised Subiects 
Principal Investigator SMART Trial (National PI) 

Principal Investigator SMART: Pos'tMpproval Study 

Principal Investigator SNAPIST - A Phase 2, Safety Study of Systemic Nanoparticle Paclitaxel 

(ABI-007) For In-Stent Restenosis; IND #63,082 
Principal Investigator SOAR - Renal Stent 

Principal Investigator Efficacy and Safety Study of the Oral Direct Thrombin Inhibitor H 376/95 
Compared with Dose-Adjusted Warfarin (Coumadin) in the Prevention of Stroke and Systemic 
Embolic Events in Patients with Atrial Fibrillation (SPORTIF V) 

Principal Investigator STARS Trial 

Principal Investigator START Trial (National PI) 

Principal Investigator STRATUS Trial 

Principal Investigator STRESS III Trial 
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Principal Investigator SUMO Trial 

Principal Investigator (SWING) Sound Wave Inhibition of Neointimal Growth 

Principal Investigator Talent Endoluminal Graft (High Risk & Low Risk) 

Principal Investigator Talent Endoluminal Spring Stent-Graft System 

Principal Investigator Tenax-XR Cordnary Stent System 

Principal Investigator TITAN Trial - 

Principal Investigator Trimedyne Excimer Laser Assisted Percutaneous Coronary Angioplasty 

Sub-Investigator Trimdyne Percutaneous Eclipse Holmium Laser Coronary Anqioplastv 

Principal Investigator VeGAS 2 Trial 

Principal Investigator Velocity Trial Principal Investigator - Venus Stent 

Co-Investigator WALLSTENT Study 

Principal Investigator WIKTOR Coronary Stent 

PHARMACOLOGY RESEARCH: 

Principal Investigator Abbott rUK Trial 

Principal Investigator Ajinimoto Pharmaceuticals Double-Blind Placebo-Controlled Study of 

AT-1015 in Patients with Intermittent Claudication due to peripheral arterial disease 
Sub-Investigator Amgen, Inc. Anakinra Trial for Rheumatoid Arthritis 

Principal Investigator Astra Zeneca Pharmaceutical Trial to Evaluate the Safety and 

Efficacy of XXXX and Atorvastatin 
Principal Investigator Astra Zeneca^riat Open Label Dose Comparison Study to Evaluate the 
Safety and Efficacy of Rosuvastatin versus Atorvastatin, Pravastatin, and Simvastatin in 
Subjects with Hypercholesterolemia.,:. 
Principal Investigator Parke-Davis and Pfizer Randomized Open-Label Study Comparing the 

Efficacy of Once Daily Atorvastatin to" Simvastatin in Hypercholesterolemic Patients 
Principal Investigator Pilot Study to Evaluate Intracoronary Administration of Activase for the 

Treatment of Intracoronary Thrombus 
Principal Investigator Artistic Trial 

Principal Investigator AstraZeneca Trial of Niaspan versus New Generation Statin for the 

Treatment of Type IIB and Type IV Hyperlipidemia 
Principal Investigator AstraZeneca Multicenter Trial for drug (XXX) and Atorvastatin for the 

Treatment of Hypercholesterolemia 
Principal Investigator BRAVO Trial 

Principal Investigator BioVail Angina^ Hypertension Trial 
Principal Investigator CAPRICORN Trial 
Principal Investigator Challenge Trial 

Sub-Investigator Comparison of Lopentol and Omnipaque in Adult Angiocardiography 

Sub-Investigator Comparison of Intravenous Adenosine to Intravenous Placebo in 

Termination of Spontaneous or Induced Paroxysmal Supraventricular Tachycardia 
Principal Investigator Centocor Chimeric 7E3 Fab 

Principal Investigator COR Therapeutics Randomized Placebo-Controlled Dose Ranging Study 
of drug (XXXX) in Patients with Atherosclerotic Cardiovascular, Peripheral Vascular, and/or 
Cerebrovascular Disease 

Sub-Investigator Dose Response Study of Bucindolol in Patients with Congestive Heart 

Failure 

Principal Investigator Effects of Recombinant Human Superoxide Dismutase in Patients with 

Acute Myocardial Infarction Subject to Coronary Artery Reperfusion 
Sub-Investigator Eli Lilly - Agitation/Alzheimer's Trial 

Principal Investigator EPILOG Trial 
Principal Investigator ERASER Trial 
Principal Investigator GUSTO Trial 

Principal Investigator A multi-center, randomized, double blind, placebo-and-active controlled 
Parallel Group Dose-ranging Study of the HMG CoA Reductase Inhibitor, BMS-423526, in the 
treatment of Hyperlipidemia 
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Principal Investigator Study Lovastatin XL with MEVACOR in patients with hypercholesterolemia 
Sub-Investigator Lovastatin Multi-Center Trial ypercnoiesreroiemia 

Principal Investigator Extended Trial: of Lovastatin XL for the treatment of hypercholesterolemia 
Principal Investigator Multicenter Qpuble-Blind Placebo controlled trial of dn£ (X XX) n 

patients with Type 2 Diabetes and Congestive Heart Failure 
Principal Investigator Effect of LDL-Cholesterol Lowering Beyond Currently Recommended 

Mmimum Targets on coronary heart disease (CHD) Recurrence in patients with Pre-Existing 

Principal Investigator A Double-Blind, Multi-Center, Randomized, Placebo-Controlled, Parallel 

S rTKK^ ° f NebiV0, °' °" B '° 0d Pr6SSUre ^ ~ ™ ™ 

| , nno I T^ ti ?. at K 0r , , c ParaMel Gr ° Up Extension Study to Determine the Safety and Efficacy of 

«5.ih V M P °?l! re in Pati6ntS With Mild t0 Moderate Hypertension NEB 30 I 

Sub-Investigator NeoTherapeutics Alzheimer's Disease 2000 

Sub-Investigator NeoTherapeutics Alzheimer's Disease 2001 

Principal Investigator OCTAVE Trial 

Sub-Investigator OCTAVE Trial 

PrinC n» a i. I .7 eSti9at J r Pfi2er Phase 11 Multicent er, double-blind placebo controlled randomized 

parallel group dose ranging study of.Jthe safety of CP529,414 soft-gel capsules 
Principal Investigator PLAC Trial °v=>w* 
Principal Investigator Protocol 073 Trial 

Principal Investigator Knoll Pharmaceutical Double-Blind Randomized Clinical Trial of Slow 

Pi e brma?ion° P en ° ne (Rythmo, - SR ®>: in the Prevention of Symptomatic Recurrences of Atrial 
Principal Investigator PREVAIL - A Phase 2 Multicenter, Double-Blind Placebo-Controlled Dose- 

sass safety and Efficacy ° f bo - 653 in p ~ - ss»sss 

Pr ' n Therapy 6 ^ 99 * 0 " PR0VE - IT TIMI 22 " Pr ^astatin or Atorvastatin Evaluation and Infection 

Principal Investigator PURSUIT Trial 

Principal Investigator QUIET Trial 

Principal Investigator RAFT Trial 

Wn awS V SISS Dr REPLACE Rand ° m:ized Evalua t'on in PCI Linking Angiomax to reduce 

Sub-Investigator Safety and Efficacy Study of Burroughs - Wellcome Tissue Plasminogen 

Activator in Patients with Acute Myocardial Infarction i«mmogen 
Principal Investigator A 6-week, open-label, dose-comparison study to evaluate the safety and 

^^° f >K S K UVaSta u tir ? VerSU . S Atorvastatin ' Cerivastatin, pravastatin, and Simvastatin in 
subjects with hypercholesterolemia 

Mn TJ«» n S l S?Ifr A 48 : we f: °# abel ' non-comparative, Multicentre, Phase Illb study 
of , f th fh e p fflC H Cy , and l af6ty P $ e Li P id - Re S"> a ting agent Rosuvastat n in the treatment 
£m&e^ 113 - d Type IID DvS "~' Eluding Heterozygous 

Principal Investigator SAGE Trial 

Sub Investigator Long Term Open Label Safety and Tolerability Study of SCH58235 inn 

addition to Pravastatin in Patient With Primary Hypercholesterolemia "in 

/SniMn?! 9 D tor , . Ph i Se 111 Double - B,ind Efficac y a nd Safety Study SCH58235 (10 mg) in 
Addition to Pravastatin Compared to Placebo in Subjects with Primary Hypercholesterolemia 

Prmcipal Investigator Phase III Open Label Efficacy and Safety Study^CHsSSS ^ 10 mg^n 
Addition to Pravastatin Compared to Placebo in Subjects with Primary Hypercholesterolemia 
Subjects 9at ° r SePraC ° r StUdY ° f Norastemizole in Cardla^<SmprS?sS 

Principal Investigator SPORTIF V - Atrial Fibrillation Trial 

Principal Investigator SWORD Trial 

Principal Investigator Tltration-to-Response Trial Comparing Micardis and COZAAR® in 
Patients with Mild-to-moderate Hypertension 
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Principal Investigator TNT Trial ' . 
Principal Investigator TREND Trial 
Sub-Investigator VALDECOXIB Trial 

Principal Investigator An Open-Label, Multinational, Multicentre, Extension Trial to Assess the 
Long-Term Safety and Efficacy of ZD4522 in Subjects in the ZD4522 Clinical Trial Program 

BASIC RESEARCH; 

1990 - 1993 Systematic assessment of Medtronic balloons and guiding catheters in porcine 
and canine models. Sponsored by Medtronic, Inc. 

1990 - 1993 Determination of radiopacity and torquability of Medtronic vascular catheters in 
porcine models. Sponsored by Medtronic, Inc. 

1992 - 1996 Evaluation of Strecker stent in porcine and canine models. 

Sponsored by Boston Scientific 

Evaluation of Wiktor stent and stent in porcine and canine models 
Sponsored by Medtronic, Inc. 

Evaluation of NIR stent in porcine models. 
Sponsored by Cordis Corp. 

1990 - 1994 Evaluation of Japan Crescent radiofrequency balloon in porcine model with 

emphasis on histopathology of heat-produced lesions. Abstract submitted 
at 1993 AHA Conference. 

1993 Evaluation of radiofrequency. wire for total coronary occlusions in porcine models- 

Determining energy limitations. Equipment subsequently licensed to 
Radius Medical. 

1994 - 1997 Training courses for professionals (physicians, engineers, technicians) in techniques 

and strategies for placement of coronary stents. Five courses sponsored by 
Johnson & Johnson, Medtronic, Inc. and Cook, Inc. 



1997 



Efficacy of the Endotex Abdpminal Aortic Aneurysm exclusion device in a porcine 
model gauging ability, tip exclude renal arteries, ease of placement and 
radiopacity. Sponsored by Endotex 



1998 Use of percutaneous myocardial revascularization in a porcine model 

Sponsored by Cardiogenesis Corporation at Stanford University. 

1998 - 1999 Utility of radiofrequency .(RF) percutaneous myocardial revascularization 

in acute and chronic porcine model: Histopathology and angiogenesis 
related to use of RF alone and in combination with growth factor (VEGF) 
Results presented at, Angiogenesis 1999, Washington, DC. 

1999 Development and testing of embolic probe device in porcine model 

(patent pending). Performed at PRMC and separately at Columbia Presbyterian 
in New York. 

1999 Evaluation of the Medtronjccarotid and SVG stent in porcine carotid and 

saphenous vein graft' lesions assessing ease of use and 30-day outcome 
Sponsored by Medtronic, Inc. 



1999 



Development and testing of Protector vascular embolic protection device in 
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porcine model at Mayo Clinic (device patent pending). 

1999 Evaluation of ability of intramuscular growth factor to stimulate angiogenesis in 

rabbit hindlimb model at 30 and 60 days post-procedure 
Sponsored by SulzerMedical. 

1999 use of Vesseal device to close porcine peripheral artery tears (patent #6 159 197} 

Sponsored by Phoenix Heart Center. ' 
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DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 



-B4- 



EXHIBIT C 



DEFINITIONS 
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DEFINITIONS 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

MEDLINE PLUS: MERRIAM-WEBSTER MEDICAL DICTIONARY 

A SERVICE OF THE U.S. NATIONAL LIBRARY OF MEDICINE AND THE 

NATIONAL INSTITUTES OF HEALTH 



Growth factor: a substance (as a vitamin Bn or an interleukin) 
that promotes growth and especially cellular growth 
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EXHIBIT D 
CLAIMS 

Claim X: A method for growing a new portion of a pre-existing 
heart comprising the steps of: placing a growth factor in a body of a 
human patient and growing new muscle in said heart 
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Repair of Infarcted Myocardium by Autologous 
Intracoronary Mononuclear Bone Marrow Cell 
Transplantation in Humans 

Bodo E. Strauer, MD; Michael Brehm, MD; Tobias Zeus, MD; Matthias Kostering, MD; 
Anna Hernandez, PhD; Rudiger V. Sorg, PhD; Gesine Kogler, PhD; Peter Wernet, MD* 

Background— Exptnmtntzl data suggest that bone marrow-derived cells may contribute to the healing of myocardial 
infarction (Ml). For thts reason, we analyzed 10 patients who were treated by intracoronary transplantation of 
autologous, mononuclear bone marrow cells (BMCs) in addition to standard therapy after Ml 

Methods and Results-After standard therapy for acute Ml, 10 patients were transplanted with autologous mononuclear 
BMCs v.a a balloon catheter placed into the infarct-related artery during balloon dilatation (percutaneous transluminal 
coronary angioplasty). Another 10 patients with acute MI were treated by standard therapy alone. After 3 months of 
follow-up, the infarct region (determined by left ventriculography) had decreased significantly within the cell therapy 
fo-n i!?"? l° ±{3 t0 12±7% * P==0 005 > and was also significantly smaller compared with the standard therapy group 
(''-0.04). Likewise, infarction wall movement velocity increased significantly only in the cell therapy group (from 
2.0± 1.1 to 4.0:12.6 cm/s, P-0.028). Further cardiac examinations (dobutamine stress echocardiography, radionuclide 
ventriculography, and catheterization of the right heart) were performed for the cell therapy group and showed 
significant improvement in stroke volume index, left ventricular end-systolic volume and contractility (ratio of systolic 
pressure and end-systolic volume), and myocardial perfusion of the infarct region 

Conclusions-Thm : results demonstrate for the first time that selective intracoronary transplantation of autologous, 
mononuclear BMCs ,s safe and seems to be effective under clinical conditions. The marked therapeutic effect may be 
attributed to BMC-associated myocardial regeneration and neovascularization. (Circulation. 2002;106:1913-1918.) 
Key Words: myocardial infarction . cell transplantation, intracoronary . angiogenesis . bone marrow . myogenesis 



"O emodeling of the left ventricle after myocardial infarc- 
lvtion (Ml) represents a major cause of infarct-related 
heart failure and death. This process depends on acute and 
chronic transfomiation of both the necrotic infarct region and 
the non-necrotic, peri-infarct tissue. 1 - 2 Despite application of 
pharmacotherapeutics and mechanical interventions, the car- 
diomyocytes lost during MI cannot be regenerated. The 
recent finding that a small population of cardiac muscle ceils 
is able to replicate itself is encouraging but is still consistent 
with the concept that such regeneration is restricted to viable 
myocardium. 3 

In animal experiments, attempts to replace the necrotic 
zone by transplanting other cells (eg, fetal cardiomyocytes or 
skeletal myoblasts) have invariably succeeded in reconstitut- 
ing heart muscle structures, ie, myocardium and coronary 
vessels. However, these cells fail to integrate structurally and 
do not display characteristic physiological functions. 4 -' An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow- derived cells. Bone 



marrow contains multipotent adult stem cells that show a high 
capacity for differentiation.*-'" Experimental studies have 
shown that bone marrow cells (BMCs) are capable of 
regenerating infarcted myocardium and inducing myogenesis 
and angiogenesis; this leads in turn to amelioration of cardiac 
function in mice and pigs."-'< However, procedures based on 
this phenomenon remain largely uninvestigated in a human 
clinical setting. 

An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of contraction 
and viability 5 months afterward." Autologous mononuclear 
BMCs transplanted in a similar surgical setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
patients and no change in 2 patients.'* However, such studies 
entail a surgical approach and are therefore associated with 
well-known perioperative risks. Moreover, this surgical pro- 
cedure cannot be used with MI. We therefore looked for a 
nonsurgical, safer mode for transplanting autologous cells 
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Figure 1. Procedure of cell transplantation Into 
infarcted myocardium in humans, a, The bal- 
loon catheter enters the Infarct-related artery 
and is placed above the border zone of the 
infarction. It is then inflated and the cell sus- 
pension is infused at high pressure under stop- 
flow conditions, b, In this way, cells are trans- 
planted into the infarcted zone via the infarct- 
related vasculature (red dots). Cells infiltrate the 
Infarcted zone. Blue and white arrows suggest 
the possible route of migration, c, A supply of 
blood flow exists within the infarcted zone. 39 
The cells are therefore able to reach both the 
border and the infarcted zone. 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after 3 and 6 months of follow-up. 17 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation, All 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n=4), left circumflex coronary artery 
(n=3), or right coronary artery (n=13). Mean duration of infarct 
pain was 12±10 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after infarction, 
cardiac shock, severe comorbidity, alcohol or drug dependency, or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography, 
and left ventriculography, mechanical treatment was initiated with 
recanalization of the infarct-related artery by balloon angioplasty 
(n=20) and subsequent stent implantation (n= 19). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group. 

All 20 patients were briefed in detail about the procedure of BMC 
transplantation. Informed consent was obtained from 10 patients, 
who formed the cell therapy group, whereas 1 0 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Heinrich-Heine-University, Diisseldorf, approved the study 
protocol. All procedures conformed to institutional guidelines. 

Before taking part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acetylsalicylic acid, 
an ACE inhibitor, a j3-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
(—40 mL) was aspirated under local anesthesia from ilium of cell 
therapy patients (n « 1 0). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (BioWhit- 
taker) before the erythrocytes were lysed with H 2 0. For overnight 



cultivation, 1X10 6 BMCs/mL were placed in Teflon bags (Vuelife, 
Cell Genix) and cultivated in X-Vivo 15 Medium (BioWhittaker) 
supplemented with 2% heat- inactivated autologous plasma. The next 
day, BMCs were harvested and washed 3 times with heparinized 
saline before final resuspension in heparinized saline. Viability was 
93 ±3%. Heparinization and filtration (cell strainer, FALCON) was 
carried out to prevent cell clotting and microembolization during 
intracoronary transplantation. The mean number of mononuclear 
cells harvested after overnight culture was 2.8 X 10 7 ; this consisted of 
0.65±0.4% AC133-positive cells and 2.1 ±0.28% CD34-positive 
cells. All microbiological tests of the clinically used cell preparations 
proved negative. As a viability and quality ex vivo control, 1 X 10* 
cells grown in H5100 medium (Stem Cell Technology) were found 
to be able to generate mesenchymal cells in culture. 

Intracoronary Transplantation of BMCs 

Five to nine days after onset of acute infarction, cells were directly 
transplanted into the infarcted zone (Figure 1). This was accom- 
plished with the use of a balloon catheter, which was placed within 
the infarct-related artery. After exact positioning of the balloon at the 
site of the former infarct-vessel occlusion, percutaneous transluminal 
coronary angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 
minutes each. During this time, intracoronary cell transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 1.5 to 4X10* mononuclear cells. PTCA thoroughly pre- 
vented the backflow of cells and at the same time produced a 
stop-flow beyond the site of the balloon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus, pro- 
longed contact time for cellular migration was allowed. 18 

Functional Assessment of Hemodynamics 

After 3 months, all 20 patients were followed up by left heart 
catheterization, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens). To quantify infarction wall movement velocity, 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dyskinetic segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centerline method according to Sheehan was used. 19 All 
hemodynamic investigations were obtained by two independent 
observers. 

In the cell therapy group before and 3 months after cell transplan- 
tation, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobutamine stress echocardiography, 
radionuclide ventriculography, catheterization of the right heart, and 



Strauer et al Myocardium Repair by Bone Marrow Transplantation 1915 



TABLE 1. Baseline Characteristics of the Patients 







oianoaro 




Clinical Data 


Therapy 


Therapy 


P 


Characteristics 








No. of patients 


10 


10 




Age, y 


49±10 


50 ±6 


NS 


Sex 


Male 


Male 




Onset of infarction before angioplasty, h 


10±8 


13±11 


NS 


Coronary angiography 








No. of diseased vessels 


1.7 £0.9 


2.1 ±0,7 


NS 


No. of patients with LAD/LCX/RCA as the affected vessel 


4/1/5 


0/2/8 




No. of patients with stent implantation 


9 


10 




Laboratory parameters 








Creatinine kinase, U/L 


1138±1170 


1308±1187 


NS 


Creatinine kinase-MB, U/L 


106±72 


124±92 


NS 


Bone marrow puncture after angioplasty, d 


7*2 






Mononuclear bone marrow cells, n (X10 7 ) 


2.8S2.2 







Values are meansSD or number of patients. 

NS indicates not significant; LAD, left anterior descending coronary artery; 
coronary artery; and RCA, right coronary artery. 



LCX, left circumflex 



stress-redistribution-reinjection :o, thallium scintigraphy. The con- 
tractility index P <yi /ESV was calculated by dividing LV systolic 
pressure (P )yM ) by end-systolic volume (ESV). Perfusion defect was 
calculated by scintigraphic bull's-eye technique. Each examination 
was performed according to standard, protocols. 

There were no complications or side effects determined in any 
patient throughout the diagnostic or therapeutic procedure or within 
the 3-month follow-up period. 

Statistical Analysis 

All data are presented as mean±SD. Statistical significance was 
accepted when P was <0.05. Discrete variables were compared as 
rates, and comparisons were made by analysis, Intra-individual 
comparison of baseline versus follow-up continuous variables was 
performed with a paired t test. Comparison of nonparametric data 
between the two groups was performed with Wilcoxon test and 
Mann-Whimey test. Statistical analysis was performed with SPSS 
for Windows (version 10.1). 

Results 

Clinical data between the two groups did not differ signifi- 
cantly. The range of creatinine kinase levels was slightly but 
not significantly higher in the standard therapy group than it 
was in the cell therapy group (Table I). 

Comparison of the 2 groups 3 months after cell or standard 
therapy showed several significant differences in LV dynam- 
ics, according to the global and regional analysis of left 
ventriculogram. The infarct region as a percentage of hypo- 
kinetic, akinetic, or dyskinetic segments of the circumference 
of the left ventricle decreased significantly in the cell therapy 
group (from 30±I3 to I2±7%, P-0.005). It was also 
significantly smaller compared with the standard therapy 
group after 3 months (/>=0.04). Within the standard therapy 
group, only a statistically nonsignificant decrease from 25 ±8 
to 20± 1 1% could be seen. Wall movement velocity over the 
infarct region rose significantly in the cell therapy group 
(from 2.0±l.l to 4.0±2.6 cm/s, P=0.028) but not in the 
standard therapy group (from 1.8±U to 2.3±1.6 cm/s, 
P=NS). No significant difference was observed between the 



two groups. Ejection fraction increased in both groups, albeit 
nonsignificantly (from 57±8 to 62±10% in the cell therapy 
group and from 60±7 to 64 ±7% in the standard therapy 
group) (Table 2). 

Further significant improvement could also be seen on 
additional analysis of the cell therapy group alone. Perfusion 
defect was considerably decreased by 26% in the cell therapy 
group (from I74±99 to 128±7I cm 2 , />=0.016, assessed by 
^'thallium scintigraphy) (Figure 2). Parallel to the reduction 
in perfusion defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49±7 to 56±7 mL/m 2 , />=0.0I0) 
and ejection fraction (from 51 ±14 to 53 ±13% 
/>=NS). 

(2) Cardiac geometry, as shown by decreases in both 
end-diastolic (from 158±20 to 143±30 mL, P=NS) 
and end-systolic volume (from 82±26 to 67±2I mL, 
P-0.0\ 1). Radionuclide ventriculography was used to 
acquire the data, 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20.5 ±4.2 to 
24.4±7.7 mm/s, />=NS, assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 
systolic pressure to end-systolic volume (from 
1 .81 ± 1 .44 to 2.27^:1.72 mm Hg/mL, P-0.005). 

Discussion 

The present report describes the first clinical trial of intracor- 
onary, autologous, mononuclear BMC transplantation for 
improving heart function and myocardial perfusion in pa- 
tients after acute MI. The results demonstrate that trans- 
planted autologous BMCs may lead to repair of infarcted 
tissue when applied during the immediate postinfarction 
period. These results also show that the intracoronary ap- 
proach of BMC transplantation seems to represent a novel 
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TABLE 2. Comparison of Cell Therapy and Standard Therapy Groups 





Cell 
Therapy 


Standard 
Therapy 


P 


No. of patients 


10 


10 


... 


Infarct region as functional defect 








Hypokinetic, akinetic, or dyskinetic region at 0 mo, % 


30±13 


25±8 


NS 


Hypokinetic, akinetic, or dyskinetic region at 3 mo, % 


12±7 


20±11 


0.04 


P 


0.005 


NS 


... 


Contractility indices 








Infarction wall movement velocity at 0 mo, cm/s 


2.0±1.1 


1.8±1.3 


NS 


Infarction wall movement velocity at 3 mo, cm/s 


4.0±2.6 


2.3±1.6 


NS 


P 


0.028 


NS 




Hemodynamic data 








LV ejection fraction at 0 mo, % 


57±8 


60±7 


NS 


LV ejection fraction at 3 mo, % 


62±10 


64+7 


NS 


P 


NS 


NS 





NS indicates not significant; 0 mo, zero months, which means the time of Infarction; 3 mo, 3 
months, which means the time of the follow-up examinations. All data were obtained according to 
analysis of left ventriculogram. 



and effective therapeutic procedure for concentrating and/or 
depositing infused cells within the region of interest. 

Neogenesis of both cardiomyocytes and coronary capillar- 
ies with some functional improvement has been shown 
recently by several investigators using bone marrow- derived 
cells in experimental infarction."- 14 - 18 * 20 - 23 Moreover, trans- 
endothelial migration from the coronary capillaries and in- 
corporation of cells into heart muscle has been observed 
experimentally. 3 - 12 - 24 - 26 Until now, clinical data only existed 
for the cell therapy of surgically treated chronic ischemic 
heart disease. 15 *' 6 Our aim was to transform the encouraging 
results from animal models to a safe clinical setting. The most 
crucial questions we had to address while designing and 




realizing this trial were: (t) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown that 
environmentally dictated changes of fate (transdetermination) 
are not restricted to stem cells but may also involve progen- 
itor cells at different steps of a given differentiation pathway 
(transdifferentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases. 27 Adult, mononuclear BMCs contain such stem and 
progenitor cells (^1%), eg, mesodermal progenitor cells, 
hematopoietic progenitor cells, and endothelial progenitor 
cells. In several animal infarction models it has been shown 
that: (1) Bone marrow hemangioblasts contribute to the 
formation of new vessels; (2) bone marrow hematopoietic 
stem cells differentiate into cardiomyocytes, endothelium, 

TABLE 3. Cardiac Function Analysis at 3-Month Foltow-Up 



Figure 2. Improved myocardial perfusion of infarcted anterior 
wall 3 months after intracoronary cell transplantation subse- 
quent to an acute anterior wall infarction detected by 201 thallium 
scintigraphy. The images on the left (A, D, sagittal) and in the 
middle (B t E) show the long axis, whereas those on the right (C, 
F, frontal) show the short axis of the heart. Initially the anterior 
wall, with green-colored apical and anterior regions, had 
reduced myocardial perfusion (A, B t C). Three months after cell 
transplantation the same anterior wall, now yellow in color, 
revealed a significant improvement in myocardial perfusion {D, 
E, F). All illustrations depict the exercise phase. 





Before Cell 
Therapy 


3 Months After 
Cell Therapy 


P 


No. of patients 


10 


10 




Hemodynamic data 








LV ejection fraction, % 


51+14 


53±13 


NS 


Stroke volume index, mL/m 2 


49±7 


56±7 


0.010 


Cardiac geometry 








LV end-diastolic volume, mL 


158±20 


143±30 


NS 


LV end-systolic volume, mL 


82±26 


67±21 


0.011 


Contractility indices 








Circumferential fiber shortening, 


20.5±4.2 


24.4±7.7 


NS 


mm/3 








P.VESV, mm Hg/mL 


1.81 ±1.44 


2.27±1.72 


0.005 


Infarct region as perfusion defect 








201 Thatlium scintigraphy, cm 2 


174±99 


128±71 


0.016 


NS indicates not significant. 
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and smooth muscle cells 4 *-' 3 ; (3) BMCs give rise to mesoder- 
mal progenitor cells that differentiate to endothelial cells 2 "; 
and (4) endothelial progenitors can transdifferentiate into 
beating cardiomyocytes. 2y Thus, several different fractions of 
mononuclear BMCs may contribute to the regeneration of 
necrotic myocardium and vessels. In order to utilize this large 
and perhaps heterogeneous regenerative potential, we decided 
to use all mononuclear cells from the bone marrow aspirate as 
a whole, rather than a subpopulation. No further expansion 
was performed because experimental data have revealed a 
dramatic decline in the homing capacity of in vitro amplified 
hematopoietic stem or progenitor cells. 30 

The second question was how to deliver the cells most 
efficiently. When given intravenously, only a very small fraction 
of infused cells can reach the infarct region after the following 
injection: assuming a nonnal coronary blood flow of 80 mL/min 
per 100 g of LV weight, a quantity of 160 mL per left ventricle 
(assuming a regular LV mass of «*200 g) will flow per 
minute. 3 ' 32 This corresponds to only about 3% of cardiac output 
(assuming a cardiac output of 5000 mL/min). 31 Therefore, 
intravenous application would require many circulation passages 
to enable infused cells to come into contact with the infarct- 
related artery. Throughout this long circulation and recirculation 
time, homing of cells to other organs could considerably reduce 
the numbers of cells dedicated to cell repair in the infarcted zone. 
Thus, supplying the entire complement of cells by intracoronary 
administration obviously seems to be advantageous for the tissue 
repair of infarcted heart muscle and may also be superior to 
intraventricular injection, 33 because all cells are able to flow 
through the infarcted and peri-infarcted tissue during the imme- 
diate first passage. Accordingly, by this intracoronary procedure 
the infarct tissue and the peri-infarct zone can be enriched with 
the maximum available amount of cells at all times. 

As stem cells differentiate into more mature types of progen- 
itor cells, it is thought that a special microenvironment in 
so-called niches regulates cell activity by providing specific 
combinations of cytokines and by establishing direct cellular 
contact. For successful long-term engraftment, at least some 
stem cells have to reach their niches, a process referred to as 
homing. Mouse experiments have shown that significant num- 
bers of BMCs appear in liver, spleen, and bone marrow after 
intravenous injection.- 1 " To offer the BMCs the best chance of 
finding their niche within the myocardium, a selective intracor- 
onary delivery route was chosen. Presumably, therefore, fewer 
cells were lost by extraction toward organs of secondary interest 
by this first pass-like effect. To facilitate transendothelial pas- 
sage and migration into the infarcted zone, cells were infused by 
high-pressure injection directly into the necrotic area, and the 
balloon was kept inflated for 2 to 3 minutes; the cells were not 
washed away immediately under these conditions. 

The time point for delivery was chosen as 7 to 8 days after 
infarction onset for the following reasons: 

(1) In dogs, infarcted territory becomes rich in capillaries 
and contains enlarged, pericyte-poor "mother vessels" 
and endothelial bridges 7 days after myocardial ische- 
mia and reperfusion. Twenty-eight days later, a signif- 
icant muscular vessel wall has already formed. 3 * Thus, 
with such timing, cells may be able to reach the worst 



damaged parts and at the same time salvage tissue. 
Transendothelial cell migration may also be enhanced 
because an adequate muscular coat is not yet formed. 

(2) Until now, only one animal study has attempted to 
determine the optimum time for cardiomyocyte trans- 
plantation to maximize myocardial function after LV 
injury. Adult rat hearts were cryoinjured and fetal rat 
cardiomyocytes were transplanted immediately, 2 
weeks later, and 4 weeks later. The authors discussed 
the inflammatory process, which is strongest in the 
first days after infarction, as being responsible for the 
negative results after immediate cell transplantation, 
and they assumed that the best results seen after 2 
weeks may have been due to transplantation before 
scar expansion. 36 Until now, however, no systematic 
experiments have been performed with BMCs to cor- 
relate the results of transplantation with the length of 
such a time delay. 

(3) Another important variable is the inflammatory response 
in MI, which seems to be a superbly orchestrated inter- 
action of cells, cytokines, growth factors and extracellular 
matrix proteins mediating myocardial repair. In the first 
48 hours, debridement and formation of a fibrin-based 
provisional matrix predominates before a healing phase 
ensues. 37 " 40 Moreover, vascular endothelial growth factor 
is at its peak concentration 7 days after MI, and the 
decline of adhesion molecules (intercellular adhesion 
molecules, vascular cell adhesion molecules) does not 
take place before days 3 to 4 after MI. We assumed that 
transplantation of mononuclear BMCs within the "hot" 
phase of post-MI inflammation might lead them to take 
part in the inflammation cascade rather than the formation 
of functional myocardium and vessels. 

Taking all of this into account, we can conclude that ceil 
transplantation within the first 5 days after acute infarction is not 
possible for logistical reasons and is not advisable because of the 
inflammatory process. On the other hand, transplantation 2 
weeks after infarction scar formation seems to reduce the benefit 
of cell transplantation. Although the ideal time point for trans- 
plantation remains to be defined, it is most likely between days 
7 and 14 after the onset of MT, as in the present study. 

This trial was designed as a phase I safety and feasibility trial, 
meaning that no control group is necessarily required. However! 
to validate the results, we correlated them with those obtained 
from 10 patients who refused to get additional cell therapy and 
thus received standard therapy alone. We are aware of the fact 
that such a comparison does not reach the power of a randomly 
allocated, blinded control group. However, the significant im- 
provement with regard to infarct region, hemodynamics (stroke 
volume index), cardiac geometry (LV end-systolic volume), and 
contractility (P (yj /ESV and infarction wall movement velocity) 
did confirm a positive effect of the additional cell therapy 
because the changes observed in the standard therapy group 
failed to reach significance. 

Another important factor for interpreting the results is time 
interval between onset of symptoms and revascularization of the 
infarct-retated artery by angioplasty; this represents a crucial 
determinant of LV recovery. For patients with acute MI, it has 
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been shown that if the time interval is >4 hours, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy. 41 None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
I2£ 10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mild and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data, 41 In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters, 
which may be attributed to BMC-mediated coronary angioneogen- 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs, 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist, 
and no side effects were observed at any point of time. The 
therapeutic benefit for the patient's heart seems to prevail. 
However, further experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute Ml 
in humans. 

References 

1. Pfeffer MA, Braunwald E. Ventricular remodeling afler myocardial 
infarction: experimenial observations and clinical implications. Circu- 
lation, 1990;81:1161-1172. 

2. Erll G, Gaudron P. Hu K. Ventricular remodeling after myocardial infarction: 
experimental and clinical studies. Basic Res Cardiol. 1993;88:125-137. 

3. Quaini F, Urbanek K, Beltrami AP, et al. Chimerism of the transplanted 
heart. N Engl J Med. 2002;346:5-15. 

4. Leor J, Patterson M. Quinones MJ, el al. Transplantation of fetal myocardial 
tissue into infarcted myocardium of rat: a potential method for repair of 
inrarcted myocardium? Circulation. 1996;94(suppl 1 1^:332-336. 

5. Murry CE, Wiseman RW, Schwartz SM, et al. Skeletal myoblast transplan- 
tation for repair of myocardial necrosis. J Clin Invest. 1996;98:2512-2523. 

6. Taylor DA, Atkins BZ, Hungspreugs P, et al. Regenerating functional myo- 
cardium: improved performance after skeletal myoblast transplantation. Nat 
Med. 1998:4.929-933. 

7. Tomila S, Li RK, Weisel RD. et al. Autologous transplantation of bone 
marrow cells improves damaged heart function. Circulation. 1 999: 1 00(suppl 
II):247-256. 

8. Blau HM, Brazelton TR, Weimann JM, The evolving concept of a stem cell: 
entity or function? Cell. 2001;105:829-841. 

9. Krause DS. Theisc ND, Collector Ml, ct al. Multi-organ, multi-lineage 
engraftment by a single bone marrow-derived stem cell. Cell. 2001; 105: 
369-377. 

10. Goodcll MA, Jackson KA, Majka SM, et at. Stem celt plasticity in muscle 
and bone marrow. Ann N Y Acad Set. 2001;938:208-218. 

1 1. Orlic D, Kajstura J, Chimenti S, et al. Bone marrow cells regenerate infarcted 
myocardium. Nature. 2001;410:701-705. 

12. Orlic D, Kajstura J, Chimenti S, el al. Mobilized bone marrow celts repair the 
infarcted heart, improving function and survival. Proc Natl Acad Sci USA. 
2001;98:10344-10349. 

13. Kochcr A A, Schuster MD. Szabolcs MJ, et al. Neovascularization of ische- 
mic myocardium by human bone- marrow -de rived angioblasts prevents car- 
diomyocyte apoplosis, reduces remodeling and improves cardiac function. 
Nat Med. 2001;7:430-436. 

14. Tomita S, Mickle DA, Weisel RD, el at. Improved heart function with 
myogenesis and angiogenesis after autologous porcine bone marrow stromal 
cell transplantation. J Thorac Cardiovasc Surg. 2002; 1 23: 1 1 32-1 135. 

1 5. Menasche P, Hagcge AA. Scorsin M, et al. Myoblast transplantation for heart 
failure. Lancet. 2001:357:279-280. 



16. Hamano K, Nishida M, Hirata K.etal. Local implantation of autologous bone 
marrow cells for therapeutic angiogenesis in patients with ischemic heart 
disease: clinical trial and preliminary results. Jpn Circ J. 2001;65:845-847. 

17. Slrauer BE, Brehm M, Zeus T, ct al. Myocardial regeneration after intracor- 
onary transplantation of human autologous stem cells following acute myo- 
cardial infarction. Dtsch mcd Wschr, 2001;126:932-938. 

1 8. Wang JS, Shum-Tim D, Chedrawy E, et al. The coronary delivery of marrow 
stromal cells for myocardial regeneration: pathophysiologic and Ihcrapculic 
implications. J Thorac Cardiovasc Surg. 2001;122:699-705. 

19. Sheehan FH, Bolson EL; Dodge HT, et al. Advantages and applications of the 
Centerline method for characterizing regional ventricular function. Circu- 
lation. 1986;74:293-305. 

20. Sussman M. Cardiovascular biology: hearts and bones. Nature. 200 1 ;4 10; 
640-641, 

21. Toma C, Pittenger MF, Cahilt KS, et al. Human mesenchymal stem cells 
differentiate to a cardiomyocyte phenotype in the adult murine heart. GVcv- 
tation. 2002;105:93-98. 

22. Kamihata H, Matsubara H. Nishiuc T, et al. Implantation of bone marrow 
mononuclear cells into ischemic myocardium enhances collateral perfusion 
and regional function via side supply of angioblasts, angiogenic ligands, and 
cytokines. Circulation. 2001;104:1046-1052. 

23. Ferrari G, Cusella-De Angel is G, Coletta M, et al. Muscle regeneration by 
bone marrow-derived myogenic progenitors. Science. 1998;279:1528-1530. 

24. Kawamoto A, Gwon HC, lwaguro H, el al. Therapeutic potential of ex vivo 
expanded endothelial progenitor cells for myocardial ischemia. Circulation. 
2001;103:634-637. 

25. Robinson SW, Cho PW, Levitsky HI, el al. Arterial delivery of genetically 
labelled skeletal myoblasts to the murine heart: long-term survival and phe- 
notypic modification of implanted myoblasts. Celt Transplant. 1996;5:77-91 . 

26. Birtner RE. Schofer C, We ipo I (shammer K, et al. Recruitment of bone- 
marrow-derived cells by skeletal and cardiac muscle in adult dystrophic rndx 
mice. Anat Embryol (Berl). 1999;199:391-396. 

27. Jiang Y, Jahagirdar B, Reinhardt RL, el al. Pluripotency of mesenchymal 
stem cells derived from adult marrow. Nature. 2002;20:1-12. 

28. Reyes M, Lund T, Lenvik T, et al. Purification and ex vivo expansion of 
postnatal human marrow mesodermal progenitor cells. Blood. 2001 ;98: 
2615-2625. 

29. Condorelli G, Borello U, De Angetis L. ct al. Cardiomyocyies induce endo- 
thelial cells to trans-differentiate into cardiac muscle: implications for myo- 
cardium regeneration. Proc Natl Acad Sci USA. 2001;98:10733-10738. 

30. Szilvassy SJ, Bass MJ, Van Zanl G. et at. Organ-selective homing defines 
engraftment kinetics of murine hematopoietic stem cells and is compromised 
by ex vivo expansion. Blood. 1999;93:1557-1566. 

31. Gregg DE, Fisher LC Blood supply to the heart. In: Handbook of Physiology. 
Vol 2. Washington. DC: American Physiological Society; 1963:chap 44, 
1517-1584. 

32. Strauer BE. Myocardial oxygen consumption in chronic heart disease: role of 
wall stress, hypertrophy and coronary reserve. Am J Cardiol. I979;4: 
730-740. 

33. Toma C, Pittenger MF, Byrne BJ. et al. Adult human mesenchymal stem cells 
differentiate to a striated muscle phenotype following arterial delivery to the 
murine heart. Circulation. 2000;102(suppl IJ):ll-683. Abstract. 

34. Hendrikx PJ, Martens CM, Hagenbeek A, et al. Homing of fluorescently 
labeled murine hematopoietic stem cells. Exp Hematol. 1996;24:129-140. 

35. Ren G, Michael LH, Entman ML, et al. Morphological characteristics of the 
microvasculature in healing myocardial infarcts. J Histochem Cvtochem. 
2002;50:71-79. 

36. Li RK, Mickle DA, Weisel RD, et a]. Optimal time for cardiomyocyte 
transplantation to maximize myocardial function after left ventricular injury, 
Ann Thorac Surg. 2001 ;72:t 957- 1963. 

37. Frangogiannis NG, Smith CW, Entman ML. The inflammatory response in 
myocardial infarction. Cardiovasc Res. 2002;53:31-47, 

38. Allgower M. The Cellular Bast's of Wound Repair. Springfield, III: Charles C. 
Thomas; 1956. 

39. Xie Y, Zhou T, Shcn W, et al. Soluble cell adhesion molecules in patients 
with acute coronary syndrome. Chin Med J. 2000;! 13:286-288. 

40. Soeki T, Tamura Y, Shinohara H. el al. Serial changes in serum VEGF and 
HGF in patients with acute myocardial infarction. Cardiology. 2000;93: 
168-174, 

41. Shciban I, Fragasso G, Rosano GMC, et al. Time course and determinants of 
left ventricular function recovery after primary angioplasty in patients with 
acute myocardial infarction. J Am Coll Cardiol. 2001;38:464 - 471. 



5 

is 
o 




to 
c 
1] 



< 

"D 
CD 
•♦— > 

ro 

CO 

a: 



<N 



ON 
ON 

VO 
m 

00 

Ii 

8 8 



S 

a 
-a 

.2 
*S 

1U 

-2 

s 



3 

CO 
CO 

3 
O 



03 
O 

a 

# o 
*£* 
.22 
a 



OS 

* 

a 
s 
u 



CO 

O 

a 

50 

Q 

Oh 

u 

CI 



a> j 



IS 



2 



I- 3 



c 



3 
o 

• f-H 

o 

Oh 

o 

w .S 



Q .2 



o 
o 

JO 

a 
O 

.g 

cr 



Oh 
4> 
M 

a 



a 

o 

•c 

CQ 
W 

w> 
a> 

WD 



0) 

o'3 a -h 

S S «3 

2 - 0 S c 8 

1 2x £ 

* ' CO D) (J y -9 



0) 



T3 cd £ 

- A M a S 
cf | -2 -2 3 

2 .1 c ^ -a ^ 



J o - 




c "S o ~ § S y 



■s a ^ *3 



* 3 -3 

9 OT) 




B 6 5 c 2 ° 
.2 ? •§ 8 * 




*J yji rA k^l 



2 I * S 



00 



» co O g g « 



G 4> 



^£ a .a | - 
so ^ I 

5 2 % S ^ ^ 

S H O P 



i <5 ^ -B 1 5 s 



o 



O 73 O 3 

§ a » I M 




T! +"* 4> CO O i. 

a » 9 § S3 w 



.3 



8 «18 l-S* 2 



00 

-2 — ^ 
15 -£ 



_ O co 



0? 

S 

jQ 

a. 

N 
0i 



5 5 

a) u. 



o 

_ o ^ 

,c: e is 



c: > q> 3 a) -j 
LUOlhZUJ 



07 



a: 



t: o 



r, X c -a 



HI 

*; 

cu . 

B 



tr 

o 



o 

CN 

o 

00 



(0 

< 

is 
lit 

mm 



CD y> U) 

i_ cu 

E _ b *o 

u ro oj 

TO a; ^ 5 w .y y 5 

'£ "2 zi O o 1 1 ■§ 



o 
a 

<tj 



o 

N 

2 



m 
<N 



to 



JC3 

to 

CO 



0 

CO 

K 

CO 



CO 
CO 



1 

u 
o 

& 



CO 



w .2 .2 
o t- c 

O.H H 

H "3 "3 

— o u 

gj:a 

Sou 

s • • 



to 

a 

Q 

a> 
X 

0) 

o 



c 
<D 
E 
tr 

8 
a> 
Q 



T3 



O 

h 

CO 

< 

o 
-a 

CO 

oo 

<N 
VO 



CO 

T3 



*5 

JO 

T3 
«« 

> 
'£ 

ii 

no 

E 
O 

'51 

3 

a 

S 

c 

^> 

o 

Di 

*E 
S 

o 
c 



c 



O 
PC 



O) 



°1 I 



u j: r 
t! w | 0) 

x: Q. w O) 

»#_ CO *o CO 

ego. 

« O) (/> 



o 

(D 

o 



8 



to o -£ 

— <D CO 

S E 

(0 _^ 
„, -C o 

to 



o 0) c O 
— a> o 

(0 v 

o © ~ 



o 
o 

(A 
10 



C 

o 



Is 

(0 
U 

o 
E 

B 

CO 



+3 



CO 
0) 

a 
s 

0) 

c 

O) 

0> 



c 
a) 
a> 

-Q 

a> 
> 

CO 
10 

E 

v_ 

CD 



CO 

a> 

CO 

a> 
<o 
a) 




CD 


£ 


OiZ 


ro 


z] 






in 


™i 




,2 


CD 


x>J 


^ ] 


ail 

51 



O 



a 

O 



Oh 



u 

o 
o 

1 

< 



Q 

s 

JO 

12 
ro 
CO 

.2 

.3 



CL 3 



«» C O 

w ° Q 



8 1 ! 



i 



E 

o ^ 
o c 

>* CO 

E 

^ S 



go S£ 



s s 

O 

c ° 

— (/> 
"O 

* $ 
d) > 

c\c 
to £ 

*l 

0) 

H 

a) o. 

£ > 
E w 
>*= o 

* ? 

2 <5 
t o 

TO o 

§£ 

-°"5 

w ^ 

O 0) 
O CO 

il 

c E 
o = 

fit: | 

•sal 

c ^ w 

CO j- 

eo ±= 
CO c 

mt W 
(0 CO 

£z 

co 

i| 

o to 

= 1 

« ° E 

CO C Q) 

J ?! 

▼"'CO. 



S 



c 
o 



c 
o 

s 

a? 
o 



iS 
c 
a> 



is 

+ 

+ 

cd 

? 

co 

<D 
Cl 

-Si 
o 

> 

o 
o 

CD 

6 



cj 

x 

3 

CN 

X 
O 

j± 

u 

o 

II 

o 
o 

ON 

m 

Os 
m 

CN 

VO 

CN 



D 



o 



to 



CO 



CO CO 
CN S 



0) S 

CD CD 

~ to 

CO <d 

O CO 



9> 



P 

03 8 

E| 

- CO 

CO to 



8 

"D 



O 

c 
o 

c « 
g CO 

C CD 
CD S- 

°§ 

E c 

— Q 
O) c 



co 



CD 



8£ 



D) 



f 



"O ^ 

0) CO 

CO £ 

CD i. 

b s . 

CD *; CO 

CD « c 

1 2 

° c »- 

fc O) (0 

— o 



CO CO 
CD CO -g 

egg 



CO 

c 
2 

'9 



(0 

8 °£ 

£ £ o 

2 -t; 

c CO m 

~ .C CD 

CO ±= 3 

O C0 CD 

> "D ~ 
■*-• CO 

c cr^ 

CO CD o 

a. 

X 3 - 
CD tO J 
® O) O 
-Q ,^ t 

in 

_>*'co ~ 
o CO c 

J|S 

to £ 

£ CD 

111 

tit 

CO T3 ■£ 
W S ? 

s^§ 

* g) w 

2 w ra 

a? i5 ^ 
5 o> 



J2 £ -Q 

si § « 

CD 
c 

CO 



10 
CD 
"O 
Z3 

c5 
c 

8 

CO 



CO 
C 



CO 

i 

10 
CD 

x: 



c 
o 

18 
a> 
E 

8 

CO 

2 



o 

c 

CD 

8> 

CO 

JC 



c 

i 



8g 



^l 2 



£ 5 



OT 

"is o 

II) E 

>.2o 

2 ■= jq 



91 

C 



CO CO 

« 8 



ro 8 2 -o 
£ £ o a 

8 1*1 



3* 



to 7=* 



1*8 18if 

T3 ._ r\ _ r- 



— t~ a> 
St * S 

9 CD O 3 

£ .c &> co 

5t-1 s 



s 

c c 

CO CD 
|£ 

<S| 

8§ 

IE 

S£ 

§1 

1- 

* S: 

« jo 
il 
<o § 

2= O) 



a> 
S> 

to 

CO ~ c 
CO o — 

O CD > 

a) jj 9J o 
ffi 5 5 c 

ISl'E 
8.5 Eg 

O C .O)" 

<o c 
£uj |i 

■■S S 2 E 

ij* 

111! 

8 ? -s s 

{5 aTco .£ 

row co 2 
.5>3 *5 cd 



s i *- 

.£ g) I g 

oils 

2 a) co § 

Us? 

Q5Ec 

-r, — CO 

Ills 
i 



■ to .y 

x: co 

— 2 CO 

£ CD **- O 

>* CO C (J) 
X) C CO = 

w ^ s 

"P cB c 

& a> 3 o 
8.& 3 co 

-II! 

Hi 

£ £ ^ .E 

iSl| 

llil 



(0 

£ 



in 



^ CO 

E E w 



JQ 



ro Ui 



o 

8 



**- CD CD CD 
4> > 5 ^ 



a> 
£ 
S 

81 

CD 



O) 12 

i$ 

E« 

P E 

co 
o 

o c 

III CD 

II 



fill I 

0? ■*= -D CO 
— 



2. 

£ 

CO 

c 

t 



CO 
O) 

a) 
o 
E 

CD 



2 
c 



1 



c 

CO 

■5. 
•id 

_C0 o 

8 1 

2 E 
B-2 

8^ 

13 &■ 

|S 

CO 

- s 



o> 



to 



CO O) 



CD 



65 



CO 
CO 

+ 



+ 

CO 
u-, 

cu 
C 
<u 
00 
<u 

+ 

c 
'C 

°1 

3 



cu 



o 
o 

aj 
a 
cd 

cu 



X 

W 

Q 



CU 
o 

II 

O 

CO 

O 

ON 

cK 

CN 
vo 



o 
5r 

cd 
1h 



CM 
O 
O 
Cs| 

CO 



> 

o 
2 

(/) 
<D 



o 

00 

g 



£8 



CO 
CM 



i 

.Cf 

I 

d 

i 
•I 




c/3 



<D 



C 
IXJ 



o 

< 



c 
o 

CD 
> 

X 
CD 



a. 



*2 

CD LL 



■5 «> - 2 
UJOI 



a> to 
o .5? 

1=? 



I- 2 Ul 



00 

<D <D 
O « 

£ -s 

Q 



CD 
-C 
O 
+- ' 
CD 

TO C 

a u 

CO O) 
a> c 
SCO 



CD 

.c 
o 

ts 

2 co 
c .2? 

.c: o 

CO — 

cq a 



CO 

§ 

3 

O 
CO 

CD 

a: 



O -Q 



CD Q 



03 CD ■ 



£ £ — 

75 §,2 

It w J 

w 0) (U 

a) s? ;= <~> 

3 to ra a> 



a> "s 1 o § :e :s -g 



o 
a 

o 

(0 

> 



O 

2 

c/) 



cx 
o 

r- 
oo 

CN 
VO 
CN 



•3 



-a 

CU 

s 

x> 
a, 

i 

CU 

> 

CU 

'B 

CU 

PfiS 

II 

E 

o 

cv 

'So 

rP 



(U 
3 

a 

c 

> 
o 

'3 

E 
"c 

IS 
o 
a 



a. 



EVIDENCE APPENDIX 
Item 15 



Appl. Serial No. 09/836,750 
Docket No. 1000-10-COI 
Appellant's Amended Appeal Brief 
OA Response October 22, 2007 



Docket No. 1000-10-COl 
SUPPL HEUSER DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 
GROUP ART UNIT: 1646 



SUPPLEMENTAL DECLARATION OF RICHARD HEUSER, M.D. 

I, Richard Heuser, declare as follows: 

1 . I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 85013. 

2. This Supplemental Declaration is submitted in addition to my previously 
submitted Declaration in this application, dated June 5, 2003, and makes no 
changes to such previous Declaration. 

3. My Curriculum Vitae is attached as Exhibit A to my previous Declaration. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as read and understood 
by me in my previous Declaration. A copy of such disclosures is attached hereto 
as Supplemental Exhibit A. 
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5. I note that the disclosures referenced in above Paragraph 4 relate to using a 
growth factor for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a 
human heart by growing new muscle in the heart. 

6. I have read and understood the claims set forth in Supplemental Exhibit B and 
have been informed that such claims will be presented to the Patent and 
Trademark Office in the near future. 

7. Based upon above Paragraphs 4-6 and Paragraph 7 of my previous Declaration, it 
is my opinion that introducing a growth factor into a human patient will 
predictably cause new muscle growth in the heart of the patient. 

8. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in such paragraphs, would be able to practice the 
method set forth in Supplemental Exhibit B without need for resorting to undue 
experimentation. I have been informed that the Examiner has questioned the fact 
that dosages are not recited in the specification of the above-identified application 
in connection with the administration of cell growth factors to a human patient 
with use of intravenous or intraluminal techniques. Such techniques are the 
subject of claims 248-249 in above-mentioned Supplemental Exhibit B. In my 
opinion, dosages of cellular growth factors to achieve the above-mentioned heart 
muscle growth are a matter of routine medical practice, requiring only a 
reasonable degree of experimentation, depending upon such factors as extent of 
prior heart condition, size of patient, age of patient, health of patient, etc. 
Consequently, it is my opinion that the disclosure mentioned in Supplemental 
Exhibit A would enable a person skilled in the medical arts to practice the 
invention of claims 248-249 and predictably anticipate the results defined therein 
without need for resorting to undue experimentation. 
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9. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 
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SUPPLEMENTAL EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 



PAGE 20. LINE 10 - PAGE 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 



PAGE 44. LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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236. 



238. 



239. 



SUPPLEMENTAL EXHIBIT B 
CLAIMS 

APPLICATION SERIAL NO. 09/836,750 



A method of growing a new portion of a pre-existing heart comprising the steps of 
Placing a growth factor in a body of a human patient and growing new muscle and 
growing a new artery in said heart. 

The method of claim 236, further comprising repairing a dead portion of said 
heart. 

The method of claim 236, further comprising repairing a damaged portion of said 
heart. 



240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

241. The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 
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247. 



251 



252. 
253. 



The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 



248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 
The method of claim 236, wherein said growth factor is placed in said patient by a 



carrier. 



The method of claim 25 1 , wherein said carrier comprises an angioplasty balloon. 
The method of claim 236, wherein said growth factor comprises a gene and a cell. 
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Docket No. 1000-10-COl 
SECOND SUPPL HEUSER DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 



GROUP ART UNIT: 1646 



SECOND SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M.D.. F.A.C.C., F.A.C.P. 



I, Richard Heuser, declare as follows: 



I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 8501 3. 



This Second Supplemental Declaration is submitted in addition to my previous 
Declaration, dated June 5, 2003 and my Supplemental Declaration dated February 4, 
2004. No changes are made to either of such previous Declarations. 



My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my Declaration of 
June 5, 2003. 



4. It is my understanding that the Examiner in charge of the above-identified patent 
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application, in an Office Action dated June 1, 2004 for related patent application Serial 
No. 09/794,456, questioned my qualification, for the first time, to render my previous 
opinions mentioned in above Paragraph 2. It is my further understanding that the basis 
for such questioning was that the Examiner noted that I did not report experience with 
cellular therapy. I desire to provide the information contained in following paragraph 5 
so that the Examiner can consider such information in this application, as well 

5. I am currently Director of Cardiovascular Research at St. Joseph's Hospital and Medicine 
Center, and I serve as Clinical Professor of Medicine at University of Arizona College of 
Medicine. Over the past six years, I have worked in gene therapy, as well as muscle 
regeneration for the treatment of cardiomyopathy. 

In my CV, you will note reference to work that was done with Sulzer Medical involving a 
rabbit hind limb model to stimulate peripheral vascular disease. I injected a growth 
mixture that included FGF, etc. into the hind limb model. 

In my U.S. Patent No. 6,190,379 entitled "Hot Tip Catheter," I developed a technique to 
deliver radiofrequency (PMR). In the full embodiment of the patent, I discuss delivery of 
protein and/or muscle cells in the myocardium using the inventive technique. 

I have been involved as a member of the scientific advisory board with the world leader 
in cardiomyocyte regeneration, Bioheart, Miami Lakes, Florida. This company has been 
involved with laboratory and clinical trials using skeletal muscle cultured and modified. 
The sample is then delivered into the myocardium via a surgical or catheter approach. 

6. I have read and understood the disclosures of the above-referenced patent application at 
page 20, line 10 through page 21, line 17; and page 44, line 19 through page 46, line 16. 
Such disclosures are the same as I read and understood in my previous Declaration and 
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Supplemental Declaration. A copy of such disclosures is attached hereto as Second 
Supplemental Declaration Exhibit A. 



7. I note that the disclosures referenced in above Paragraph 6 relate to using a growth factor 
for promoting the growth of soft tissue and, more specifically, to a method which may 
use such growth factors for growing a new portion of a human heart by growing new 
cardiac muscle in the heart. 

8. I have read and understood the claims set forth in Second Supplemental Declaration 
Exhibit B and have been informed that such claims are currently presented in this 
application, 

9. Based upon above Paragraphs 6-8, it is my opinion that one skilled in the medical arts, 
armed with the knowledge in such paragraphs, would be enabled to practice the method 
set forth in Second Supplemental Declaration Exhibit B and to predictably anticipate the 
results defined therein without need for resorting to undue experimentation. 

10. I believe that one skilled in the medical arts, upon reading the disclosures in above , such 
as multifactorial and non-specific cells, Paragraph 6, would understand that cellular 
growth factors are included in such disclosures. Moreover, such skilled person would 
understand the disclosure on page 45 to be authored as an illustration of various modes of 
delivery of growth factors, whether they are genes or other genetic material; and that such 
skilled person would further understand that the disclosures on pages 45 and 46 describe 
genetic material to include appropriate cells and genes. 



3 



Docket No. 1000-10-COl 
SECOND SUPPL HEUSER DECLARATION 



1 1 . Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of 
the application or any patent issuing thereon, and (2) that all statements made of Declarant's own 
knowledge are true and that all statements made on information and belief are believed to be 
true. 

Further Declarant sayeth not. 
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SECOND ■ 
SUPPLJ^IffTAL 
DECLARATION 

EXHIBIT A ■ 



DISCLOSURES 



SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a s b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (fNF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
earners which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
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other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a earner, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
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connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
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heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 



- A4- 



SECOND JlJiiClliill'f AL 

EXHIBIT B 



SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT B 



CLAIMS 

APPLICATION SERIAL NO. 09/836,750 

236. A method of growing a new portion of a pre-existing heart comprising the steps of 
placing a growth factor in a body of a human patient and growing new cardiac 
muscle and growing a new artery in said heart. 

238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 

239. The method of claim 236, further comprising repairing a damaged portion of said 
heart. 

240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

241 . The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 
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247. The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 

251 . The method of claim 236, wherein said growth factor is placed in said patient by a 
carrier. 

252. The method of claim 251, wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 

254. A method of growing a new portion of a pre-existing organ comprising placing a 
growth factor in a body of a patient to grow new muscle in said organ. 

255. The method of claim 254, wherein said organ comprises a heart. 

256. The method of claim 255, wherein said new muscle comprises cardiac muscle and 
said growth factor comprises a stem cell. 
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Docket No. 1 000-1 0-CO I 
THIRD SUPPL HEUSER DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17, 2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 



GROUP ART UNIT: 1646 



THIRD SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M.D.. F.A.C.C.. F.A.C.P. 



I, Richard Heuser, declare as follows: 



1 . I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 85013. 

2. This Third Supplemental Declaration is submitted in addition to my previous Declaration, 
dated June 5, 2003; my Supplemental Declaration dated February 4, 2004; and my 
Second Supplemental Declaration dated July 18, 2004. No changes are made to any of 
such previous Declarations. 

3. My Curriculum Vitae is attached as Exhibit A to my Declaration of June 5, 2003. 

4. It is my understanding that the Examiner in charge of the above-identified patent 
application is also in the Examiner in charge of co-pending patent application Serial No. 
09/794,456. In an Advisory Action dated November 26, 2004, for aforesaid Serial No. 
09/794456, the Examiner further questioned my qualification to render my opinions in 
the three previous Declarations mentioned in above Paragraph 2. It is my further 
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understanding that the Examiner reviewed my U.S. Patent No. 6,190,379 and did not find 
mention of delivery of any substance to the myocardium nor the word "cell." Also, the 
Examiner questioned my role in the cell delivery portion of Bioheart's laboratory and 
clinical trials using skeletal muscle cultured and modified. I provide the following 
information to respond to the Examiner's newly raised questions. 

Regarding, U.S. Patent No. 6,190,379, the following is stated in my Second 
Supplemental Declaration: 

In my U.S. Patent No. 6,190,379 entitled "Hot Tip Catheter," I 
developed a technique to deliver radiofrequency (PMR). In the 
full embodiment of the patent, I discuss delivery of protein and/or 
muscle cells in the myocardium using the inventive technique. 

By the above statement, I meant that the device shown in the patent has been used for the 
delivery of protein and/or muscle cells to the myocardium. At a presentation at the 
Angiogenesis Meeting in 1999 in Washington, D.C., we described this use of growth 
factors in a pig model with the development of neo vascularization. Moreover, I have 
had discussions with Bioheart regarding the use of my U.S. Patent No. 6,190,379 for 
delivery of cells. 

Regarding my work at Bioheart, the following is stated in my Second Supplemental 
Declaration: 

I have been involved as a member of the scientific advisory board 
with the world leader in cardiomyocyte regeneration, Bioheart, 
Miami Lakes, Florida. This company has been involved with 
laboratory and clinical trials using skeletal muscle cultured and 
modified. The sample is then delivered into the myocardium via a 
surgical or catheter approach. 

To provide further information regarding the Examiner's questioning my involvement 
with Bioheart, I am a Scientific Advisory Board Member and in such role advise Bioheart 
throughout its pre-clinical and clinical work involving the delivery of skeletal muscle 
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cells into the myocardium. I am also an investigator with Bioheart's Phase 3 clinical 
trials in the United States. Such trials have not yet commenced. 

6. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the validity of 
the application or any patent issuing thereon, and (2) that all statements made of Declarant's own 
knowledge are true and that all statements made on information and belief are believed to be 
true. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: Elizabeth C. Kemmerer 



GROUP ART UNIT: 1646 



FOURTH SUPPLEMENTAL DECLARATION 
OF RICHARD HEUSER. M.D.. F.A.C.C.. F.A.C.P. 



I, Richard Heuser, declare as follows: 



1 . I have offices at 500 West Thomas Road, Suite 900, Phoenix, Arizona 85013. 



2. This Fourth Supplemental Declaration is submitted in addition to my previous 
Declaration, dated June 5, 2003, my Supplemental Declaration dated February 4, 2004, 
my Second Supplemental Declaration dated July 18, 2004, and my Third Supplemental 
Declaration dated February 15, 2005. No changes are made to any of such previous 
Declarations. 



3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my Declaration of 
June 5, 2003, and my background is further amplified by materials submitted in my 
Second and Third Supplemental Declarations. 
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4. I have read and understood the disclosures of the above-referenced patent application at 
page 20, line 10 through page 21, line 15; and page 44, line 19 through page 46, line 16. 
Such disclosures are the same as I read and understood in my previous Declaration and 
Supplemental Declaration. A copy of such disclosures is attached hereto as Fourth 
Supplemental Declaration Exhibit A. 

I have also read and understood additional disclosures of the above-referenced patent 
application at page 33, lines 8-10; page 37, lines 19-25; page 40, line 20 through page 43 
line 3; page 44, lines 12 and 13; page 48, lines 13-15; page 53, line 1 through page 56, 
line 25; and page 62, lines 1-10. A copy of such additional disclosures is attached hereto 
as Fourth Supplemental Declaration Exhibit B. 

5. The disclosures in Fourth Supplemental Declaration Exhibit A, also contained in my 
previous Declaration and Supplemental Declaration, relate to using growth factors, 
including cells, for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a human heart 
by growing new cardiac muscle. Such disclosures are also directed to the growth of new 
arteries in the heart. 

I understand that the additional disclosures in Fourth Supplemental Declaration Exhibit B 
relate to using cellular growth factors, including bone marrow stem cells, to grow soft 
tissue, including an artery. Stem cells harvested from bone marrow, peripheral blood and 
from culture banks are described as being implanted for promoting morphogenesis and 
growth of all three-germ tissue layers, i.e. mesoderm, ectoderm and endoderm tissues. It 
would be understood by one skilled in the art that morphogenesis includes the growth of 
an artery, which comprises mesodermal tissue. 



2 



Docket No. 1000-10-COI 
FOURTH SUPPL HEUSER DECLARATION 



6. I have read and understood the claims set forth in Fourth Supplemental Declaration 
Exhibit C and have been informed that such claims will be concurrently presented in this 
application with this Fourth Supplemental Declaration. 

7. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical arts, 
armed with the knowledge in the disclosures referenced therein, would be enabled to 
practice the method set forth in Fourth Supplemental Declaration Exhibit C and to 
predictably anticipate the results defined therein without need for resorting to undue 
experimentation. It is my further opinion that one skilled in the art reading such 
disclosures would understand that all of the well known administration procedures 
described at page 45 of the patent application, including intravenous, intraluminal, 
intramuscular, and with an angioplasty balloon, would be applicable for use in growing 
an artery in a human patient regardless of whether the genetic material was a gene; cell, 
including stem cells such as bone marrow stem cells; or another type of growth factor. 

Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the 
validity of the application or any patent issuing thereon, and (2) that all statements made 
of Declarant's own knowledge are true and that all statements made on information and 
belief are believed to be true. 

Further Declarant sayeth not. ^ 
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APPL. SERIAL NO. 09/836,750 



EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20, LINE 10 - PAGE 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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EXHIBIT B 

DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 33, LINES 8-10 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 37, LINES 19-25 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, clone cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 

PAGE 40, LINE 20 - PAGE 43, LINE 3 

EXAMPLE 11 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MXS-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 
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BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 
from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

MXS-1 and MXS-2 transcription factors are obtained which will initiate the expression of 
the MXS-1 and MXS-2 homeobox genes. 

The MXS-1 and MXS-2 transcription factors, BMP-2 and BMP-4 bone morphogenic 
proteins, and MXS-1 and MXS-2 genes are added to the nutrient culture medium along with the 
living stem cells. 

EXAMPLE 12 

Example 1 1 is repeated except that the transcription factors bind to a receptor complex in 
the stem cell nucleus. 

EXAMPLE 13 

Example 1 1 is repeated except that the MXS-1 and MXS-2 transcription factors are not 
utilized. The transcription of the MXS-1 and MXS-2 homeobox genes is activated by applying 
an electric spark to the nutrient culture medium. 

EXAMPLE 14 

Example 13 is repeated except that the stem cells are starved and the transcription of the 
MXS-1 and MXS-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 
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EXAMPLE 15 

WT-1 and PAX genes are obtained from a sample of skin tissue is removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 

BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
102 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
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The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The Aniridia transcription factor and growth factors and the Aniridia gene are added to 
the nutrient culture medium along with the living stem cells. 

A primitive eye germ is produced. The kidney germ is transplanted in the patient's body 
near the optic nerve. As the kidney grows, its blood supply will be derived from nearby arteries. 

EXAMPLE 17 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three dimensional, 
or simply a nutrient, and is useful in promoting the processes of cellular dedifferentiation, 
^differentiation, differentiation, growth, and development. 
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PAGE 44, LINES 12- 13 

An organ, as used herein, consists of two or more kinds of tissues joined into one 
structure that has a certain task. 

PAGE 48, LINES 13- 15 

In the example above, if germinal cells (and in some cases, stem cells) are utilized a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 

PAGE 53, LINE 1 - PAGE 56, LINE 25 

EXAMPLE 18 

A 36 year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant cDNA 
is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the growth of 
arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1.0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F to produce an genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized in 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only a 
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single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic carrier solution is injected into the containment system at the first site. 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 

After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
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a new section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
cultures, physiological nutrient cultures, vectors, promoters, etc. 

One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials inserted ex 
vivo into or onto a living cell in an appropriate physiological nurturing environment will also 
induce the growth of an organ. The VCSEL laser allows early detection in a living cell of a 
morphogenic change indicating that organ formation has been initiated. With properly timed 
transplantation, organ growth completes itself. 
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During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 

EXAMPLE 19 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injected intramuscularly. 
Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEGF165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736 bp CMV promoter/enhancer to drive VEGF 
expression. Other RAOTS promoters can be utilized to drive VEGF expression for longer 
periods of time. Other RAOTS recombinant clones of angiogenic growth factors other than 
VEGF can be utilized, for example, fibroblast growth factor family, endothelial cell growth 
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factor, etc. Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These 
fragments occur in the RAOTS pUC118 vector, which includes an Escherichia coli origin of 
replication and the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 
saline at room temperature (or body temperature of about 37 degrees C). The syringe has a 
RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open heart surgery, endoscopic surgery, 
direction injection of the needle without incision, or by any other desired means. The cardiac 
muscle immediately adjacent a clogged artery is slowly injected with the RAOTS construct 
during a five second time period. Injection is slow to avoid leakage through the external 
covering of muscle cells. About 0.5 ml to 1.0 ml (milliliter) of fluid is injected containing 
approximately 500 ug phVEGF165 in saline (N=18). The readily available off-the-shelf cDNA 
clones cause vascular growth which automatically integrates itself with the cardiac muscle. 
Anatomic evidence of collateral artery formation is observed by the 30 th day following injection 
to the RAOTS construct. One end of the artery integrates itself in the heart wall to receive blood 
from the heart. The other end of the artery branches into increasing smaller blood vessels to 
distribute blood into the heart muscle. Once the growth of the new artery is completed, the new 
artery is left in place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. RAOTS external ultrasound gives a semiquantitative analysis of arterial flow. Also, 
RAOTS angiograms or any other readily available commercial devices can be utilized. 
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VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 20 

A patient, a forty year old African-American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 

A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space. A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 
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An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five second increments and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 



PAGE 62, LINES 1-10 

EXAMPLE 36 

Example 18 is repeated except that the patient is a 55 year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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EXHIBIT C 

CLAIMS 
APPLICATION SERIAL NO. 09/836,750 

A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 
The method of claim 236, further comprising repairing a dead portion 
of said heart. 

The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

The method of claim 236, wherein said growth factor comprises a 
member selected from the group consisting of cells, cellular products, 
and derivatives of cellular products. 

The method of claim 243, wherein said growth factor comprises a cell. 
The method of claim 244, wherein said cell is multifactorial and non- 
specific. 

The method of claim 245, wherein said cell comprises a stem cell. 
The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

The method of claim 247, wherein said injection is intravenous. 
The method of claim 247, wherein said injection is intraluminal. 
The method of claim 247, wherein said injection is intramuscular. 
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The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 

The method of claim 251, wherein said carrier comprises an 
angioplasty balloon. 

The method of claim 236, wherein said growth factor comprises a 
gene and a cell. 

The method of claim 236, wherein said growth factor is locally 
placed in said body. 

The method of claim 238, wherein said growth factor is locally placed 
in said body. 

The method of claim 239, wherein said growth factor is locally 
placed in said body. 

The method of claim 243, wherein said growth factor is locally 
placed in said body. 

The method of claim 236, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 238, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 239, wherein said growth factor comprises 
living stem cells harvested from bone marrow. 
A method of growing a new portion of a pre-existing heart comprising 
locally placing a growth factor comprising a stem cell in a body of a 
human patient to grow new cardiac muscle in said heart. 
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The method of claim 264, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 264, wherein said stem cell comprises living 
stem cells harvested from bone marrow. 

The method of claim 266, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 262, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 
The method of claim 259, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said damaged portion of said heart. 
The method of claim 265, wherein said stem cell is injected into said 
heart. 

The method of claim 267, wherein said stem cell is injected into said 
heart. 

The method of claim 238, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
The method of claim 239, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
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The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 236 further comprising determining blood flow 

through said newly grown artery. 

The method of claim 238 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 239 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 236 further comprising observing said newly 
grown artery. 

The method of claim 238 further comprising observing said newly 
grown artery. 

The method of claim 239 further comprising observing said newly 
grown artery. 
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Claim 286 



Claim 287 



Claim 288 



Claim 289 



Claim 290 



Claim 291 



Claim 292 



Claim 293 



A method of repairing a dead portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said dead portion; 
forming a new artery in said heart, thereby causing said dead portion 
of said heart to be repaired. 

The method of claim 286, wherein said stem cells are placed by 
injection. 

The method of claim 286, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 286, wherein said stem cells are placed by an 
angioplasty balloon. 

A method of repairing a damaged portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said damaged 
portion; forming a new artery in said heart, thereby causing said 
damaged portion of said heart to be repaired. 

The method of claim 290, wherein said stem cells are placed by 
injection. 

The method of claim 290, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 290, wherein said stem cells are placed by an 
angioplasty balloon. 
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I, Andrew E. Lorincz, declare as follows: 



1. I reside at 3628 Belle Meade Way, Mountain Brook, Alabama 35223. 

2. My Curriculum Vitae is attached hereto as Exhibit A. 

3. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 
19 through page 46, line 16. A copy of such disclosures is attached hereto 
as Exhibit B. 

4. I note that the disclosures referenced in above Paragraph 3 relate to using 
a growth factor for promoting the growth of soft tissue and, more 
specifically, to a method of using a growth factor for growing muscle in a 
human heart. 
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5. I am aware of and have considered the definition of growth factor in the 
specification of the above-referenced patent application at page 20, line 10 
through page 21, line 15. Such definition is set forth in Exhibit C along 
with a definition from the medical dictionary, MEDLINE plus: Merriam- 
Webster Medical Dictionary. A service of the U.S. NATIONAL 
LIBRARY OF MEDICINE and the NATIONAL INSTITUTES OF 
HEALTH. I find that the dictionary definition is consistent with that 
contained at page 20, line 10 through page 21, line 15 of the above- 
referenced patent application. I believe that both definitions are 
appropriate for use in the field of tissue growth and would be understood 
by one skilled in the medical arts. Accordingly, I am adopting and 
utilizing the definition contained in the patent application throughout this 
declaration. 

6. I have read and understood the claims set forth in Exhibit D and have been 
informed that such claims will be presented to the Patent and Trademark 
Office in the near future. 

7. The materials included in attached Exhibit E illustrate that placement of a 
growth factor in a human patient causes muscle growth in a heart. These 
materials report work performed by reputable, skilled scientists and 
reputable organizations in the medical arts. Consequently, I believe that 
these reports would be recognized as clearly valid by one of ordinary skill 
in the medical arts because they report the results of scientific tests 
conducted by competent, disinterested third parties with use of proper 
scientific controls, 

8. Based upon above Paragraphs 3-7, it is my opinion that introducing a 
growth factor into a human patient will predictably cause new muscle 
growth in the heart of the patient. 



2 



Docket No. 1000-10-COl 
LORINCZ DECLARATION 



9. Based upon above Paragraphs 3-6, it is my opinion that one skilled in the 
medical arts, armed with the knowledge in such paragraphs, would be able 
to practice the method set forth in Exhibit D without need for resorting to 
undue experimentation. 

10. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 





Andrew E. Lorincz 
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DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20. LINE 10 - PAGE 21. LINE IS 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 



-Bl- 



by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46. LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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EXHIBIT C 



EXHIBIT C 
DEFINITIONS 

PAGE 20, LINE 10 - PAGE 21. LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

MEDLINE PLUS: MERRIAM-WEBSTER MEDICAL DICTIONARY 

A SERVICE OF THE U.S. NATIONAL LIBRARY OF MEDICINE AND THE 

NATIONAL INSTITUTES OF HEALTH 

Growth factor: a substance (as a vitamin B12 or an interleukin) 
that promotes growth and especially cellular growth 
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EXHIBIT D 
CLAIMS 

Claim X: A method for growing a new portion of a pre-existing 
heart comprising the steps of: placing a growth factor in a body of a 
human patient and growing new muscle in said heart. 
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Clinical Investigation and Reports 



Repair of Infarcted Myocardium by Autologous 
Intracoronary Mononuclear Bone Marrow Cell 
Transplantation in Humans 

Bodo E^Strauer, MD; Michael Brehm, MD; Tobias Zeus, MD; Matthias Kostering, MD- 
Anna Hernandez, PhD; Riidiger V. Sorg, PhD; Gesine Kogler, PhD; Peter Wernet, MD 

Btf inC^7Mh er p mC ^ al d3,a SU88CS, tha ', b ° ne marrow - derived <»«'■ «™y contribute to the healing of myocardial 
nfarcon (Ml). For this reason, we analyzed 10 patients who were treated by intracoronary transplantation of 
autologous, mononuclear bone marrow cells (BMCs) in addition to standard therapy after Ml 

i^tiZ^T^^^ f °V aCU,C MI> 10 PatiCmS WCrC tranS P' an,ed Wi,h auto10 ^ mononuclear 
BMCs v.a a balloon catheter placed into the .nfarct-related artery during balloon dilatation (percutaneous transluminal 

s:: a S2' e A ; o,h ; ri r ;° pa,i r* acu,e mi were ^ * ^ nP y^. 3 JStr 

rou Z m 30 " TJnSl^TSL 1 " VCntricu, °S ra P h y> had dec ™«» significantly within the cell therapy 
?P-0 <STi ,W, ' P= ,? 005) 31,(1 W8S 3,80 si 8 nificant| y waller compared with the standard therapy group 

t '?' ^ ew '"f* mfarC, ' 0n wa " movem «"« velocity increased significantly only in the cell therapy group (from 

entric lllnh: *T? (d ° bM ™ *™ S echocardiography adion de 

IS 7 P y " ca,he,er ' zat ' on ° f *e right heart) were performed for the cell therapy group and showed 
s.gn.ficant improvement ,n stroke volume index, left ventricular end-systolic volume and contractility (ratio of ystol ic 
pressure and end-sys.ol.c volume), and myocardial perfusion of the infarct region * 

ltT Th R e up reSUl V em 1 0 " S,ra,e f ° r thC f,rS * ,ime that selective intracoronary transplantation of autologous 

Z^mclL S :LT SeCm H t0 , bC CffeC,iVC UndCr C,iniCa ' C ° ndi,i0nS - The ™* ed tncrape'ic ef^lTbe 
attributed to BMC-associated myocard.al regeneration and neovascularization. {Circulation. 2002;106:1913-1918.) 

Keywords: myocardial infarction . cell transplantation, intracoronary . angiogenesis . bone marrow . myogenesis 



T> emodeling of the left ventricle after myocardial infarc- 
lYtion (MI) represents a major cause of infarct-related 
heart failure and death. This process depends on acute and 
chronic transformation of both the necrotic infarct region and 
the non-nccrotic, peri-infarct tissue. Despite application of 
pharmacotherapeutics and mechanical interventions, the car- 
diomyocytes lost during Ml cannot be regenerated. The 
recent finding that a small population of cardiac muscle cells 
is able to replicate itself is encouraging but is still consistent 
with the concept that such regeneration is restricted to viable 
myocardium. 1 

In animal experiments, attempts to replace the necrotic 
zone by transplanting other cells (eg, fetal cardiomyocytes or 
skeletal myoblasts) have invariabiy succeeded in reconstitut- 
ing heart muscle structures, ic, myocardium and coronary 
vessels. However, these cells fail to integrate structurally and 
do not display characteristic physiological functions. 4 - 7 An- 
other approach to reverse myocardial remodeling is to repair 
myocardial tissue by using bone marrow- derived cells. Bone 



marrow contains multipotent adult stem cells that show a high 
capacity for differentiation.*-'" Experimental studies have 
shown that bone marrow cells (BMCs) are capable of 
regenerating infarcted myocardium and inducing myogenesis 
and angiogenesis; this leads in rum to amelioration of cardiac 
function in mice and pigs."-" However, procedures based on 
this phenomenon remain largely uninvestigated in a human 
clinical setting. 

An investigation of one patient receiving autologous skel- 
etal myoblasts into a postinfarction scar during coronary 
artery bypass grafting revealed improvement of contraction 
and viability 5 months afterward.'* Autologous mononuclear 
BMCs transplanted in a similar surgical setting showed 
long-term improvement of myocardial perfusion in 3 of 5 
patients and no change in 2 patients.'* However, such studies 
entail a surgical approach and are therefore associated with 
well-known perioperative risks. Moreover, this surgical pro- 
cedure cannot be used with MI. We therefore looked for a 
nonsurgical, safer mode for transplanting autologous cells 
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Figure 1. Procedure of cell transplantation Into 
infarcted myocardium in humans, a, The bal- 
loon catheter enters the infarct-related artery 
and is placed above the border zone of the 
infarction, it is then inflated and the cell sus- 
pension Is infused at high pressure under stop- 
flow conditions, b, In this way, cells are trans- 
planted into the Infarcted zone via the infarct- 
related vasculature (red dots). Cells infiltrate the 
infarcted zone. Blue and white arrows suggest 
the possible route of migration, c, A supply of 
blood flow exists within the infarcted zone. 39 
The cells are therefore able to reach both the 
border and the infarcted zone. 



into postinfarction tissue. A pilot study from our group 
demonstrated that intracoronary transplantation of autologous 
mononuclear BMCs 6 days after MI was associated with a 
marked decrease in infarct area and an increase in left 
ventricular (LV) function after 3 and 6 months of follow-up. 17 
To confirm these results and validate this promising new 
therapy for MI, we established a clinical trial involving 20 
patients for comparing the safety and bioefficacy of autolo- 
gous BMC transplantation. All 20 patients underwent stan- 
dard therapy, and 10 patients received additional intracoro- 
nary cell transplantation. All 20 patients were followed up for 
3 months. 

Methods 

Patient Population 

All 20 patients had suffered transmural infarction according to World 
Health Organization criteria with the involvement of the left anterior 
descending coronary artery (n=4), left circumflex coronary artery 
(n=3), or right coronary artery (n-13). Mean duration of infarct 
pain was 12±10 hours before invasive diagnostics and therapy. 
Patients had to be <70 years old and were excluded if one of the 
following criteria were met: screening >72 hours after infarction, 
cardiac shock, severe comorbidity, alcohol or drug dependency, or 
excessive travel distance to the study center. 

After right and left heart catheterization, coronary angiography, 
and left ventriculography, mechanical treatment was initiated with 
recanalization of the infarct-related artery by balloon angioplasty 
(n=20) and subsequent stent implantation (n- 1 9). All patients were 
monitored in our intensive care unit, and no arrhythmogenic events 
or hemodynamic impairments were recorded in either patient group. 

All 20 patients were briefed in detail about the procedure of BMC 
transplantation. Informed consent was obtained from 10 patients, 
who formed the cell therapy group, whereas 10 patients who refused 
additional cell therapy served as controls. The local ethics committee 
of the Heinrich-Heine-University, Diisseldorf, approved the study 
protocol. All procedures conformed to institutional guidelines. 

Before taking part in rehabilitation programs, all patients left the 
hospital with standard medication consisting of acetylsalicylic acid, 
an ACE inhibitor, a j3-blocker, and a statin. 

Bone Marrow Aspiration, Isolation, and Cultivation 

Seven (±2) days after acute coronary angiography, bone marrow 
("•40 mL) was aspirated under local anesthesia from ilium of cell 
therapy patients (n« 1 0). Mononuclear BMCs were isolated by Ficoll 
density separation on Lymphocyte Separation Medium (Bio Whit- 
taker) before the erythrocytes were lysed with H 2 0. For overnight 



cultivation, IX10 6 BMCs/mL were placed in Teflon bags (Vuelife, 
Cell Genix) and cultivated in X-Vivo 15 Medium (BioWhittaker) 
supplemented with 2% heat-inactivated autologous plasma. The next 
day, BMCs were harvested and washed 3 times with heparinized 
saline before final resuspension in heparinized saline. Viability was 
93±3%. Heparinizatton and filtration (cell strainer. FALCON) was 
carried out to prevent cell clotting and microembolization during 
intracoronary transplantation. The mean number of mononuclear 
cells harvested after overnight culture was 2.8 X 1 0 7 ; this consisted of 
0.65±0.4% AC133-positive cells and 2.1 ±0.28% CD34-positive 
ceils. All microbiological tests of the clinically used cell preparations 
proved negative. As a viability and quality ex vivo control, 1X10 5 
cells grown in H5100 medium (Stem Cell Technology) were found 
to be able to generate mesenchymal cells in culture. 

Intracoronary Transplantation of BMCs 

Five to nine days after onset of acute infarction, cells were directly 
transplanted into the infarcted zone (Figure 1). This was accom- 
plished with the use of a balloon catheter, which was placed within 
the infarct-related artery. After exact positioning of the balloon at the 
site of the former infarct- vessel occlusion, percutaneous transluminal 
coronary angioplasty (PTCA) was performed 6 to 7 times for 2 to 4 
minutes each. During this time, intracoronary cell transplantation via 
the balloon catheter was performed, using 6 to 7 fractional high- 
pressure infusions of 2 to 3 mL cell suspension, each of which 
contained 1.5 to 4X 10* mononuclear cells. PTCA thoroughly pre- 
vented the backflow of cells and at the same time produced a 
stop-flow beyond the site of the balloon inflation to facilitate 
high-pressure infusion of cells into the infarcted zone. Thus, pro- 
longed contact time for cellular migration wa3 allowed. 18 

Functional Assessment of Hemodynamics 

After 3 months, all 20 patients were followed up by left heart 
catheterization, left ventriculography, and coronary angiography. 
Ejection fraction, infarct region, and regional wall movement of the 
infarcted zone during ejection were determined by left ventriculog- 
raphy. Ejection fraction was measured with Quantcor software 
(Siemens). To quantify infarction wall movement velocity, 5 axes 
were placed perpendicular to the long axis in the main akinetic or 
dyskinetic segment of the ventricular wall. Relative systolic and 
diastolic lengths were measured, and the mean difference was 
divided by the systolic duration (in seconds). To quantify the infarct 
region, the centerline method according to Sheehan was used, 19 All 
hemodynamic investigations were obtained by two independent 
observers. 

In the cell therapy group before and 3 months after cell transplan- 
tation, additional examinations for measuring hemodynamics and 
myocardial perfusion included dobutamine stress echocardiography, 
radionuclide ventriculography, catheterization of the right heart, and 
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TABLE 1. Baseline Characteristics of the Patients 



Clinical Data 


Cell 
Therapy 


Standard 
Therapy 


P 


Characteristics 








No. of patients 


10 


10 


• . • 


Age, y 

DBX 


49*10 


50*6 


NS 


Mate 


Male 




Onset of infarction before angioplasty, h 


10*8 


13*11 


NS 


Coronary angiography 






No. of diseased vessels 


1.7 ±0.9 


2.1 ±0.7 


NS 


No. of patients with LAD/LCX/RCA as the affected vessel 


4/1/5 


0/2/8 




No. of patients with stent implantation 


9 


10 




Laboratory parameters 






Creatinine kinase, U/L 


1138*1170 


1308*1187 


NS 


Creatinine klnase-MB, U/L 


106*72 


124*92 


NS 


Bone marrow puncture after angioplasty, d 


7±2 






Mononuclear bone marrow cells, n (X10 7 ) 


2.8±2.2 







NS indicates not significant; IAD ( left anterior descending coronary artery; LCX, left circumflex 
coronary artery; and RCA, right coronary artery. circumnex 



stress-rcdistribution-reinjcction 20, thallium scintigraphy. The con- 
tractihty index P (yM /E$V was calculated by dividing LV systolic 
pressure (P trtl ) by end-systolic volume (ESV). Perfusion defect was 
calculated by scintigraphic bull's-eye technique. Each examination 
was performed according to standard, protocols. 

There were no complications or side effects determined in any 
patient throughout the diagnostic or therapeutic procedure or within 
the 3-month follow-up period. 

Statistical Analysis 

All data are presented as mean±SD. Statistical significance was 
accepted when P was <0.05. Discrete variables were compared as 
rates, and comparisons were made by ^ analysis. Intra-individua! 
comparison of baseline versus follow-up continuous variables was 
performed with a paired / test. Comparison of nonparametric data 
between the two groups was performed with Wilcoxon test and 
Mann-Whitney lest. Statistical analysis was performed with SPSS 
for Windows (version 1 0. 1 ). 

Results 

Clinical data between the two groups did not differ signifi- 
cantly. The range of creatinine kinase levels was slightly but 
not significantly higher in the standard therapy group than it 
was in the cell therapy group (Table I). 

Comparison of the 2 groups 3 months after cell or standard 
therapy showed several significant differences in LV dynam- 
ics, according to the global and regional analysis of left 
ventriculogram. The infarct region as a percentage of hypo- 
kinetic, akinetic, or dyskinetic segments of the circumference 
of the left ventricle decreased significantly in the cell therapy 
group (from 30±I3 to 12±7%, />«0.005). It was also 
significantly smaller compared with the standard therapy 
group after 3 months (/>=0.04). Within the standard therapy 
group, only a statistically nonsignificant decrease from 25±8 
to 20± 1 1% could be seen. Wall movement velocity over the 
infarct region rose significantly in the cell therapy group 
(from 2.0* I.I to 4.0*2.6 cm/s, />=0.028) but not in the 
standard therapy group (from 1 .8 ±1.3 to 2.311.6 cm/s, 
P=NS). No significant difference was observed between the 



two groups. Ejection fraction increased in both groups, albeit 
nonsigniflcantly (from 57±8 to 62±10% in the cell therapy 
group and from 60±7 to 64 ±7% in the standard therapy 
group) (Table 2). 

Further significant improvement could also be seen on 
additional analysis of the cell therapy group alone. Perfusion 
defect was considerably decreased by 26% in the cell therapy 
group (from 174*99 to 128±7I cm 3 , />=0.0!6, assessed by 
'"'thallium scintigraphy) (Figure 2). Parallel to the reduction 
in perfusion defect, improvement (Table 3) could also be seen in: 

(1) Cardiac function, as revealed by increase in stroke 
volume index (from 49±7 to 56±7 mL/m 1 , />=0.0I0) 
and ejection fraction (from 51 ±14 to 53 ±13% 
/>=NS). 

(2) Cardiac geometry, as shown by decreases in both 
end-diastolic (from I58±20 to 143±30 mL, P=NS) 
and end-systolic volume (from 82±26 to 67±2! mL, 
P^O.Ol 1). Radionuclide ventriculography was used to 
acquire the data. 

(3) Contractility as evaluated by an increase in the velocity 
of circumferential fiber shortening (from 20.5 ±4.2 to 
24.4±7.7 mm/s, />=NS, assessed by stress echocardi- 
ography) and by a marked increase in the ratio of 
systolic pressure to end-systolic volume (from 
1.81 ±1.44 to 2.27±l.72 mm Hg/mL, />=0.005). 

Discussion 

The present report describes the first clinical trial of intracor- 
onary, autologous, mononuclear BMC transplantation for 
improving heart function and myocardial perfusion in pa- 
tients after acute MI. The results demonstrate that trans- 
planted autologous BMCs may lead to repair of infarcted 
tissue when applied during the immediate postinfarction 

period. These results also show that the intracoronary ap- 
proach of BMC transplantation seems to represent a novel 
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TABLE 2. Comparison of Cell Therapy and'Standard Therapy Groups 





Cell 
Therapy 


Standard 
Therapy 


P 


Mrt rtf nntinntQ 


10 


10 




infarr* rpaion as functional defect 






NS 


Hypokinetic, akinetic, or dyskinetic region at 0 mo, % 


30*13 


25±8 


Hypokinetic, akinetic, or dyskinetic region at 3 mo, % 


12*7 


20*11 


0.04 


p 


0.005 


NS 










NS 


Infarction wall movement velocity at 0 mo, cm/s 


2.0*1.1 


1.8*1.3 


Infarction wall movement velocity at 3 mo, cm/s 


4,0*2.6 


2.3*1.6 


NS 


P 


0.02B 


NS 




Hemodynamic data 






NS 


LV ejection fraction at 0 mo, % 


57+8 


60*7 


LV ejection fraction at 3 mo, % 


62±10 


64*7 


NS 


P 


NS 


NS 





NS indicates not significant; 0 mo, zero months, which means the time of Infarction; 3 mo, 3 
months, which means the time of the follow-up examinations. All data were obtained according to 
analysis of left ventriculogram. 



and effective therapeutic procedure for concentrating and/or 
depositing infused cells within the region of interest. 

Neogenesis of both cardiomyocytes and coronary capillar- 
ies with some functional improvement has been shown 
recently by several investigators using bone marrow-derived 
cells in experimental infarction, "-".i 8.20-23 Moreover, trans- 
endothelial migration from the coronary capillaries and in- 
corporation of cells into heart muscle has been observed 
experimentally. 3 - 1 " 4 " 26 Until now, clinical data only existed 
for the cell therapy of surgically treated chronic ischemic 
heart disease. 15 - 16 Our aim was to transform the encouraging 
results from animal models to a safe clinical setting. The most 
crucial questions we had to address while designing and 




realizing this trial were: (1) What cell population should we 
deliver? (2) Which application method is the most efficient? 
(3) When should the cells be transplanted? 

In recent years, several laboratories have shown that 
environmentally dictated changes of fate (transdetermination) 
are not restricted to stem cells but may also involve progen- 
itor cells at different steps of a given differentiation pathway 
(transdifferentiation). Moreover, mesenchymal stem cells 
may represent an ideal cell source for treating different 
diseases. 27 Adult, mononuclear BMCs contain such stem and 
progenitor cells (^1%), eg, mesodermal progenitor cells, 
hematopoietic progenitor cells, and endothelial progenitor 
cells. In several animal infarction models it has been shown 
that: (1) Bone marrow hemangioblasts contribute to the 
formation of new vessels; (2) bone marrow hematopoietic 
stem cells differentiate into cardiomyocytes, endothelium, 

TABLE 3. Cardiac Function Analysis at 3-Month Follow-Up 



Figure 2. Improved myocardial perfusion of infarcted anterior 
wall 3 months after intracoronary cell transplantation subse- 
quent to an acute anterior wall infarction detected by 20 thallium 
scintigraphy. The images on the left (A, D, sagittal) and In the 
middle (B, E) show the long axis, whereas those on the right (G, 
F frontal) show the short axis of the heart. Initially the anterior 
wall, with green-colored apical and anterior regions, had 
reduced myocardial perfusion (A, B, C). Three months after cell 
transplantation the same anterior wall, now yellow in color, 
revealed a significant improvement in myocardial perfusion (D, 
E, F). All illustrations depict the exercise phase. 





Before Cell 
Therapy 


3 Months After 
Cell Therapy 


P 


No. of patients 


10 


10 




Hemodynamic data 








LV ejection fraction, % 


51*14 


53±13 


NS 


Stroke volume Index, mL/m 2 


49*7 


56+7 


0.010 


Cardiac geometry 








LV end-dlastollc volume, mL 


158*20 


143+30 


NS 


LV end-systolic volume, mL 


82*26 


67*21 


0.011 


Contractility indices 








Circumferential fiber shortening, 


20.5±4.2 


24,4*7.7 


NS 


mm/s 








PWESV. mm Hg/mL 


1.81 ±1.44 


2.27*1.72 


0.005 


Infarct region as perfusion defect 








M1 Thatllum scintigraphy, cm 2 


174*99 


128*71 


0.016 


NS indicates not significant. 
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and smooth muscle cells" -'\ (3) BMCs give rise to mesoder- 
mal progenitor cells that differentiate to endothelial cells"; 
and (4) endothelial progenitors can transdifferentiate into 
beating cardiomyocytes. 2 * Thus, several different fractions of 
mononuclear BMCs may contribute to the regeneration of 
necrotic myocardium and vessels. In order to utilize this large 
and perhaps heterogeneous regenerative potential, we decided 
to use all mononuclear cells from the bone marrow aspirate as 
a whole, rather than a subpopulation. No further expansion 
was performed because experimental data have revealed a 
dramatic decline in the homing capacity of in vitro amplified 
hematopoietic stem or progenitor cells. 30 

The second question was how to deliver the cells most 
efficiently, When given intravenously, only a very small fraction 
of infused cells can reach the infarct region after the following 
injection: assuming a nonnal coronary blood flow of 80 mLAnin 
per 100 g of LV weight, a quantity of 160 mL per left ventricle 
(assuming a regular LV mass of ~200 g) will flow per 
minute. 31 *" This corresponds to only about 3% of cardiac output 
(assuming a cardiac output of 5000 mL/min). 1 ' Therefore, 
intravenous application would require many circulation passages 
to enable infused cells to come into contact with the infarct- 
related artery. Throughout this long circulation and recirculation 
time, homing of cells to other organs could considerably reduce 
the numbers of cells dedicated to cell repair in the infarcted zone. 
Thus, supplying the entire complement of cells by intracoronary 
administration obviously seems to be advantageous for the tissue 
repair of infarcted heart muscle and may also be superior to 
intraventricular injection," because all cells are able to flow 
through the infarcted and peri- infarcted tissue during the imme- 
diate first passage. Accordingly, by this intracoronary procedure 
the infarct tissue and the peri-infarct zone can be enriched with 
the maximum available amount of cells at all times. 

As stem cells differentiate into more mature types of progen- 
itor cells, it is thought that a special microenvironment in 
so-called niches regulates cell activity by providing specific 
combinations of cytokines and by establishing direct cellular 
contact. For successful long-term engraftment, at least some 
stem cells have to reach their niches, a process referred to as 
homing. Mouse experiments have shown that significant num- 
bers of BMCs appear in liver, spleen, and bone marrow after 
intravenous injection.- 14 To offer the BMCs the best chance of 
finding their niche within the myocardium, a selective intracor- 
onary delivery route was chosen. Presumably, therefore, fewer 
cells were lost by extraction toward organs of secondary interest 
by this first pass-like efTect. To facilitate transendothelial pas- 
sage and migration into the infarcted zone, cells were infused by 
high-pressure injection directly into the necrotic area, and the 
balloon was kept inflated for 2 to 3 minutes; the cells were not 
washed away immediately under these conditions. 

The time point for delivery was chosen as 7 to 8 days after 
infarction onset for the following reasons: 

(I) In dogs, infarcted territory becomes rich in capillaries 
and contains enlarged, pericyte-poor "mother vessels" 
and endothelial bridges 7 days after myocardial ische- 
mia and reperfusion. Twenty-eight days later, a signif- 
icant muscular vessel wall has already formed." Thus, 
with such timing, cells may be able to reach the worst 



damaged parts and at the same time salvage tissue. 
Transendothelial cell migration may also be enhanced 
because an adequate muscular coat is not yet formed. 

(2) Until now, only one animal study has attempted to 
determine the optimum time for cardiomyocyte trans- 
plantation to maximize myocardial function after LV 
injury. Adult rat hearts were cryoinjured and fetal rat 
cardiomyocytes were transplanted immediately, 2 
weeks later, and 4 weeks later. The authors discussed 
the inflammatory process, which is strongest in the 
first days after infarction, as being responsible for the 
negative results after immediate cell transplantation, 
and they assumed that the best results seen after 2 
weeks may have been due to transplantation before 
scar expansion. 36 Until now, however, no systematic 
experiments have been performed with BMCs to cor- 
relate the results of transplantation with the length of 
such a time delay. 

(3) Another important variable is the inflammatory response 
in MI, which seems to be a superbly orchestrated inter- 
action of cells, cytokines, growth factors and extracellular 
matrix proteins mediating myocardial repair. In the first 
48 hours, debridement and formation of a fibrin-based 
provisional matrix predominates before a healing phase 
ensues. 37 - 40 Moreover, vascular endothelial growth factor 
is at its peak concentration 7 days after Ml, and the 
decline of adhesion molecules (intercellular adhesion 
molecules, vascular cell adhesion molecules) does not 
take place before days 3 to 4 after MI. We assumed that 
transplantation of mononuclear BMCs within the "hot" 
phase of post-MI inflammation might lead them to take 
part in the inflammation cascade rather than the formation 
of functional myocardium and vessels. 

Taking all of this into account, we can conclude that cell 
transplantation within the first 5 days after acute infarction is not 
possible for logistical reasons and is not advisable because of the 
inflammatory process. On the other hand, transplantation 2 
weeks after infarction scar formation seems to reduce the benefit 
of cell transplantation. Although the ideal time point for trans- 
plantation remains to be defined, it is most likely between days 
7 and 14 after the onset of MT, as in the present study. 

This trial was designed as a phase I safety and feasibility trial, 
meaning that no control group is necessarily required. However, 
to validate the results, we correlated them with those obtained 
from 10 patients who refused to get additional cell therapy and 
thus received standard therapy alone. We are aware of the fact 
that such a comparison does not reach the power of a randomly 
allocated, blinded control group. However, the significant im- 
provement with regard to infarct region, hemodynamics (stroke 
volume index), cardiac geometry (LV end-systolic volume), and 
contractility (P 4y$ /ESV and infarction wall movement velocity) 
did confinn a positive effect of the additional cell therapy 
because the changes observed in the standard therapy group 
failed to reach significance. 

Another important factor for interpreting the results is time 
interval between onset of symptoms and revascularization of the 
infarct-related artery by angioplasty; this represents a crucial 
determinant of LV recovery. For patients with acute Ml. it has 
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been shown that if the time interval is >4 hours, no significant 
changes in ejection fraction, regional wall motion, or ESV are 
observed after 6-month follow-up by echocardiography and angiog- 
raphy. 41 None of our 20 patients was treated by angioplasty within 
4 hours after onset of symptoms. Our average time interval was 
I2± 10 hours. Thus, PTCA-induced improvement of LV function 
can be nearly excluded; indeed, the only mild and nonsignificant 
changes within the standard therapy group are consistent with the 
above-mentioned data. 41 In contrast, the cell therapy group showed 
considerable and significant improvement in the same parameters, 
which may be attributed to BMC-mediated coronary angioneogen- 
esis and cardiomyoneogenesis. 

These results show that transplantation of autologous BMCs, 
as well as the intracoronary approach, represent a novel and 
effective therapeutic procedure for the repair of infarcted myo- 
cardium. For this method of therapy, no ethical problems exist, 
and no side effects were observed at any point of time. The 
therapeutic benefit for the patient's heart seems to prevail. 
However, further experimental studies, controlled prospective 
clinical trials, and variations of cell preparations are required to 
define the role of this new approach for the therapy of acute MI 
in humans. 
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Docket No. 1000-10-COl 
SUPPL LORINCZ DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C. Kemmerer, Ph.D. 
GROUP ART UNIT: 1646 



SUPPLEMENTAL DECLARATION OF ANDREW E. LORINCZ. M.D. 

I, Andrew E. Lorincz, declare as follows: 

1. I reside at 13820 NW County Rd 235, Apt 8, Alachua, FL 32616-2098. 

2. This Supplemental Declaration is submitted in addition to my previously 
submitted Declaration in this application, dated June 9, 2003, and makes no 
changes to such previous Declaration. 

3. My Curriculum Vitae is attached as Exhibit A to my previous Declaration. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 1 0 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as read and understood 
by me in my previous Declaration. A copy of such disclosures is attached hereto 
as Supplemental Exhibit A. 
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I note that the disclosures referenced in above Paragraph 4 relate to using a 
growth factor for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a 
human heart by growing new muscle in the heart. 



I have read and understood the claims set forth in Supplemental Exhibit B and 
have been informed that such claims will be presented to the Patent and 
Trademark Office in the near future. 

Based upon above Paragraphs 4-6 and Paragraph 7 of my previous Declaration, it 
is my opinion that introducing a growth factor into a human patient will 
predictably cause new muscle growth in the heart of the patient. 

Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in such paragraphs, would be able to practice the 
method set forth in Supplemental Exhibit B without need for resorting to undue 
experimentation. I have been informed that the Examiner has questioned the fact 
that dosages are not recited in the specification of the above-identified application 
in connection with the administration of cell growth factors to a human patient 
with use of intravenous or intraluminal techniques. Such techniques are the 
subject of claims 248-249 in above-mentioned Supplemental Exhibit B. In my 
opinion, dosages of cellular growth factors to achieve the above-mentioned heart 
muscle growth are a matter of routine medical practice, requiring only a 
reasonable degree of experimentation, depending upon such factors as extent of 
prior heart condition, size of patient, age of patient, health of patient, etc. 
Consequently, it is my opinion that the disclosure mentioned in Supplemental 
Exhibit A would enable a person skilled in the medical arts to practice the 
invention of claims 248-249 and predictably anticipate the results defined therein 
without need for resorting to undue experimentation. 
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9. 



Declarant states that the above opinion was reached independently. 



Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 

Da,e: J^j, (LL- £J 

Andrew E. Lorincz ^ 
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SUPPLEMENTAL EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20, LINE 10 ~ PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 



- A2- 



nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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SUPPLEMENTAL EXHIBIT B 
CLAIMS 

APPLICATION SERIAL NO. 09/836,750 



236. A method of growing a new portion of a pre-existing heart comprising the steps of 
placing a growth factor in a body of a human patient and growing new muscle and 
growing a new artery in said heart. 

238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 

239. The method of claim 236, further comprising repairing a damaged portion of said 
heart. 

240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

241. The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 
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247. The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 

25 1 . The method of claim 236, wherein said growth factor is placed in said patient by a 
carrier. 

252. The method of claim 25 1 , wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 
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Docket No. 1000-10-COl 
SECOND SUPPL LORINCZ DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: E.C Kemmerer, Ph.D. 



GROUP ART UNIT: 1646 



SECOND SUPPLEMENTAL DECLARATION 
OF ANDREW E. LORINCZ, M.D. 



I, Andrew E. Lorincz, declare as follows: 

1. I reside at 13820 NW County Rd 235, Apt 8, Alachua, FL 32616-2098. 

2. This Second Supplemental Declaration is submitted in addition to my previous 
Declaration dated June 5, 2003 and my Supplemental Declaration dated February 
3, 2004. No changes are made to either of such previous Declarations. 

3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my previous 
Declaration. 



It is my understanding that the Examiner in charge of the above-identified patent 
application, in an Office Action dated June 1, 2004 for related patent application 
Serial No. 09/794,456, questioned my qualification, for the first time, to render 
my previous opinions mentioned in above Paragraph 2. It is my further 
understanding that the basis for such questioning was that the Examiner noted that 
I did not report experience with cellular therapy. I desire to provide the 
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information contained in following paragraph 5 so that the Examiner can consider 
such information in this application, as well. 

5. In addition to the qualifications set forth in my CV, I am familiar with stem cell 
technology, including bone marrow preparation. 

6. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as I read and understood 
in my previous Declaration and Supplemental Declaration. A copy of such 
disclosures is attached hereto as Second Supplement Declaration Exhibit A. 

7. I note that the disclosures referenced in above Paragraph 6 relate to using a 
growth factor for promoting the growth of soft tissue and, more specifically, to a 
method which may use such growth factors for growing a new portion of a human 
heart by growing new cardiac muscle in the heart. 

8. 1 have read and understood the claims set forth in Second Supplemental 
Declaration Exhibit B and have been informed that such claims are currently 
presented in this application. 

9. Based upon above Paragraphs 6-8, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in such paragraphs, would be enabled to practice 
the method set forth in Second Supplemental Declaration Exhibit B and to 
predictably anticipate the results defined therein without need for resorting to 
undue experimentation. 

10. I believe that one skilled in the medical arts, upon reading the disclosures in 
above Paragraph 6, would understand that cellular growth factors, such as 
multifactorial and non-specific cells, are included in such disclosures. Moreover, 
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such skilled person would understand the disclosure on page 45 to be authored as 
an illustration of various modes of delivery of growth factors, whether they are 
genes or other genetic material; and that such skilled person would further 
understand that the disclosures on pages 45 and 46 describe genetic material to 
include appropriate cells and genes. 

1 1 '. Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made 
herein are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of the application or any patent issuing thereon, and (2) that all 
statements made of Declarant's own knowledge are true and that all statements made on 
information and belief are believed to be true. 

Further Declarant sayeth not. 



Date: *7 - I ^ " o H 




Andrew E. Lorincz, M.D. 
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SUPPLEMENTAL 
DECLARATION 

EXHIBIT A 



DISCL0SUIIES 



SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT A 



DISCLOSURES 
APPLICATION SERIAL NO- 09/836,750 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a,b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (TNF), 
bone morphogenic protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
earners which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
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other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
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connection with any of the implant techniques of the invention, it is understood that a cell 
nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
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heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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SECOND SUPPLEMENTAL 
DECLARATION 



CLAIMS 



SECOND SUPPLEMENTAL DECLARATION 

EXHIBIT B 



CLAIMS 

APPLICATION SERIAL NO. 09/836,750 

236. A method of growing a new portion of a pre-existing heart comprising the steps of 
placing a growth factor in a body of a human patient and growing new cardiac 
muscle and growing a new artery in said heart. 



238. The method of claim 236, further comprising repairing a dead portion of said 
heart. 

239. The method of claim 236, further comprising repairing a damaged portion of said 
heart. 

240. The method of claim 236, wherein said growth factor comprises genetic material 
selected from the group consisting of a portion of a gene, a gene, a gene product, 
and an extracellular matrix. 

241. The method of claim 240, wherein said genetic material comprises a gene. 

242. The method of claim 241, wherein said gene comprises VEGF. 

243. The method of claim 236, wherein said growth factor comprises a member 
selected from the group consisting of cells, cellular products, and derivatives of 
cellular products. 

244. The method of claim 243, wherein said growth factor comprises a cell 

245. The method of claim 244, wherein said cell is multifactorial and non-specific. 

246. The method of claim 245, wherein said cell comprises a stem cell. 
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247. The method of claim 236, wherein said growth factor is placed in said patient by 
injection. 

248. The method of claim 247, wherein said injection is intravenous. 

249. The method of claim 247, wherein said injection is intraluminal. 

250. The method of claim 247, wherein said injection is intramuscular. 

251. The method of claim 236, wherein said growth factor is placed in said patient by a 
carrier. 

252. The method of claim 251, wherein said carrier comprises an angioplasty balloon. 

253. The method of claim 236, wherein said growth factor comprises a gene and a cell. 

254. A method of growing a new portion of a pre-existing organ comprising placing a 
growth factor in a body of a patient to grow new muscle in said organ. 

255. The method of claim 254, wherein said organ comprises a heart. 

256. The method of claim 255, wherein said new muscle comprises cardiac muscle and 
said growth factor comprises a stem cell. 
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Docket No. 1000-IO-COI 
THIRD SUPPL LORINCZ DECLARATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



APPLICANT: James P. Elia 

SERIAL NO.: 09/836,750 

FILED: April 17,2001 

FOR: METHOD FOR GROWING 

MUSCLE IN A HUMAN HEART 



EXAMINER: Elizabeth C. Kemmerer 
GROUP ART UNIT: 1646 



THIRD SUPPLEMENTAL DECLARATION 
OF ANDREW E. LORINCZ. M.D. 

I, Andrew E. Lorincz, declare as follows: 

1. I reside at 16135 NW 243 rd Way, High Springs, Florida 32643-3813. 

2. This Third Supplemental Declaration is submitted in addition to my previous 
Declaration, dated June 9, 2003, my Supplemental Declaration dated February 3, 
2004, and my Second Supplemental Declaration dated July 19, 2004. No changes 
are made to any of such previous Declarations. 

3. My Curriculum Vitae (hereinafter "CV") is attached as Exhibit A to my 
Declaration of June 9, 2003, and my background is further amplified by materials 
submitted in my Second Supplemental Declaration. 

4. I have read and understood the disclosures of the above-referenced patent 
application at page 20, line 10 through page 21, line 15; and page 44, line 19 
through page 46, line 16. Such disclosures are the same as I read and understood 
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in my previous Declaration and Supplemental Declaration. A copy of such 
disclosures is attached hereto as Third Supplemental Declaration Exhibit A. 

I have also read and understood additional disclosures of the above-referenced 
patent application at page 33, lines 8-10; page 37, lines 19-25; page 40, line 20 
through page 43 line 3; page 44, lines 12 and 13; page 48, lines 13-15; page 53, 
line 1 through page 56, line 25; and page 62, lines 1-10. A copy of such 
additional disclosures is attached hereto as Third Supplemental Declaration 
Exhibit B. 

The disclosures in Third Supplemental Declaration Exhibit A, also contained in 
my previous Declaration and Supplemental Declaration, relate to using growth 
factors, including cells, for promoting the growth of soft tissue and, more 
specifically, to a method which may use such growth factors for growing a new 
portion of a human heart by growing new cardiac muscle. Such disclosures are 
also directed to the growth of new arteries in the heart. 

I understand that the additional disclosures in Third Supplemental Declaration 
Exhibit B relate to using cellular growth factors, including bone marrow stem 
cells, to grow soft tissue, including an artery. Stem cells harvested from bone 
marrow, peripheral blood and from culture banks are described as being 
implanted for promoting morphogenesis and growth of all three-germ tissue 
layers, i.e. mesoderm, ectoderm and endoderm tissues. It would be understood by 
one skilled in the art that morphogenesis includes the growth of an artery, which 
comprises mesodermal tissue. 

I have read and understood the claims set forth in Third Supplemental Declaration 
Exhibit C and have been informed that such claims will be concurrently presented 
in this application with this Third Supplemental Declaration. 
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7. Based upon above Paragraphs 4-6, it is my opinion that one skilled in the medical 
arts, armed with the knowledge in the disclosures referenced therein, would be 
enabled to practice the method set forth in Third Supplemental Declaration 
Exhibit C and to predictably anticipate the results defined therein without need for 
resorting to undue experimentation. It is my further opinion that one skilled in the 
art reading such disclosures would understand that all of the well known 
administration procedures described at page 45 of the patent application, 
including intravenous, intraluminal, intramuscular, and with an angioplasty 
balloon, would be applicable for use in growing an artery in a human patient 
regardless of whether the genetic material was a gene; cell, including stem cells 
such as bone marrow stem cells; or another type of growth factor. 

Declarant states that the above opinion was reached independently. 

Declarant understands that (1) any willful false statements and the like made herein are 
punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may jeopardize the 
validity of the application or any patent issuing thereon, and (2) that all statements made 
of Declarant's own knowledge are true and that all statements made on information and 
belief are believed to be true. 

Further Declarant sayeth not. 
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EXHIBIT A 

DISCLOSURES 
APPLICATION SERIAL NO. 09/836,750 

PAGE 20, LINE 10 - PAGE 21, LINE 15 

Growth factors can be utilized to induce the growth of "hard tissue" or bone and "soft 
tissues" like ectodermal and mesodermal tissues. As used herein, the term growth factor 
encompasses compositions and living organisms which promote the growth of hard tissue, such 
as bone, or soft tissue, in the body of a patient. The compositions include organic and inorganic 
matter. The compositions can be genetically produced or manipulated. The living organisms 
can be bacteria, viruses, or any other living organism which promote tissue growth. By way of 
example and not limitation, growth factors can include platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), fibroblast growth factor (acidic/basis (FGF a ? b), interleukins 
(IL's), tumor necrosis factor (TNF), transforming growth factor (TGF-B), colony-stimulating 
factor (CSF), osteopontin (Eta-1 OPN), platelet-derived growth factor (PDGF), interferon (INF), 
bone morpho genie protein 1 (BMP-1), and insulin growth factor (IGF). Recombinant and non- 
recombinant growth factors can be utilized as desired. Bacteria or viruses can, when appropriate, 
be utilized as growth factors. For example, there is a bacterial hydrophilic polypeptide that self- 
assembles into a nanometer internal diameter pore to build a selective lipid body. Various 
enzymes can be utilized for the synthesis of peptides which contain amino acids that control 
three-dimensional protein structure and growth. Growth factors can be applied in gels or other 
carriers which regulate the rate of release of the growth factors and help maintain the growth 
factors and the carrier, at a desired location in the body. Time release capsules, granules, or 
other carriers containing growth factor can be activated by tissue pH, by enzymes, by ultrasound, 
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by electricity, by heat, by selected in vivo chemicals or by any other selected means to release the 
growth factor. The carrier can be resorbable or non-resorbable. Or, the growth factor itself can 
be activated by similar means. Either the carrier or the growth factor can mimic extracellular 
fluid to control cell growth, migration, and function. The growth factor can be administered 
orally, systemically, in a carrier, by hypodermic needle, through the respiratory tract, or by any 
other desired method. The growth factor an also be administered into a capsule or other man- 
made composition or structure placed in the body. While administration of the growth factor is 
presently usually localized in the patient's body, circumstances may arise where it is 
advantageous to distribute a growth factor throughout the patient's body in uniform or non- 
uniform concentrations. An advantage to growth factors is that they can often, especially when 
in capsule form or in some other containment system, be inserted to a desired site in the body by 
simply making a small incision and inserting the growth factor. The making of such small 
incision comprises minor surgery which an often be accomplished on an out-patient basis. The 
growth factors can be multifactorial and nonspecific. 

PAGE 44, LINE 19 - PAGE 46, LINE 16 

Genetic material comprising a portion of a gene, a gene, genes, a gene product (i.e., a 
composition a gene causes to be produced like, for example, an organ-producing growth factor), 
growth factor, or an ECM (extracellular matrix) can be used in or on the body to grow an organ 
to tissue. For example, the vascular epithelial growth factor gene (VEGF) or its growth factor 
equivalent can be inserted into the body to cause an artery to grow. When insertion of a gene, 
portion of a gene, gene product, growth factor, or ECM in vivo or ex vivo is referred to herein in 
connection with any of the implant techniques of the invention, it is understood that a cell 
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nutrient culture(s), physiological nutrient culture(s), carrier (s), enhancer(s), promoter(s), or any 
other desired auxiliary component(s) can be inserted with the gene or at the same location as the 
gene, growth factor, ECM, etc. 

An artery is an organ from the circulatory system. An artery can be grown in the heart, 
legs, or other areas by injecting a gene or other genetic material into muscle at a desired site. 
Size, vascularity, simplicity of access, ease of exploitation, and any other desired factors can be 
utilized in selecting a desired site. The gene is one of several known VEGF genes which cause 
the production of vascular endothelial growth factors. Several VEGF genes which produce 
vascular endothelial growth factors are believed to exist because nature intends for there to be 
several pathways (i.e., genes) which enable the production of necessary growth factors. The 
existence of several pathways is believed important because if one of the genes is damaged or 
inoperative, other similar genes can still orchestrate the production of necessary growth factors. 
VEGF genes are used by the body to promote blood vessel growth. VEGF genes are assimilated 
(taken in) by muscle cells. The genes cause the muscle cells to make a VEGF protein which 
promotes the growth of new arteries. VEGF proteins can be made in a lab and injected into a 
patient intravenously, intraluminally, or intramuscularly to promote the growth of an artery. Or, 
the genes (or other genetic material) can be applied with an angioplasty balloon, with the 
assistance of a vector, or by any other method. 

It is not always desirable to grow a completely new organ. Sometimes growing a portion 
of an organ is desirable. For example, in some heart attacks or strokes, a portion of the heart or 
brain remains viable and a portion dies. An injection of a gene to form cardiac muscle and/or an 
injection of a gene to form an artery can be utilized to revive or replace the dead portion of the 
heart. The dead portion of the heart may (or may not) be used as a matrix while the new muscles 
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and vessels grow. Thus, in this example, a partial new organ is grown in a pre-existing organ. A 
pacemaker may (or may not) be necessary. A second injection of a gene may (or may not) be 
necessary to stop cardiac muscle growth once it is completed. Portions of organs throughout the 
body can similarly be repaired or replaced. It may be necessary to provide gene(s) or growth 
factor(s) sequentially. For instance, one or more blood vessels are grown by inserting an 
appropriate gene or other genetic material into a selected area. Second, an appropriate gene or 
other genetic material is inserted in the selected area to grow a bone or other organ. 

The size and shape limitation of the desired structure can come from a containment and 
boundary contact inhibition phenomenon or by a chemical inhibition. 

A variation on the theme of growing a portion of an organ is as follows: a portion of a 
heart dies. The pericardium is utilized as a scaffold and seeded with cells and/or genes to grow 
new muscle, and genes (or other genetic material) to grow new arteries. Immediately adjacent 
the dead cardiac muscle, onto or into the pericardium, the appropriate cells, genes, and/or growth 
factors (or other genetic material) are placed. Once the new muscle and blood vessels have 
grown, the function specific tissue can be applied to the damaged portion of the heart and paced, 
if necessary, to augment cardiac action. If the surgeon desires, the dead muscle can be removed 
and the new muscle and blood vessels can be surgically rotated into the excised region and 
secured. This probably can be done endoscopically. In essence, the pericardium is utilized to 
allow the new muscle wall to grow. The new muscle wall is then transplanted into the damaged 
heart wall. This procedure utilizes the body as a factor to grow an organ and/or tissue, after 
which the organ and/or tissue is transplanted to a desired region. On the other hand, the new 
muscle wall may integrate itself into the old wall and not require transplantation. 
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EXHIBIT B 

DISCLOSURES 
APPLICATION SERIAL NO- 09/836,750 

PAGE 33, LINES 8-10 

Morphogenesis or morphogenetics is the origin and evolution of morphological 
characters and is the growth and differentiation of cells and tissues during development. 

PAGE 37. LINES 19-25 

Multifactorial and nonspecific cells (such as stem cells and germinal cells) can provide 
the necessary in vivo and in vitro cascade of genetic material once an implanted master control 
gene's transcription has been activated. Likewise, any host cell, clone cell, cultured cell, or cell 
would work. Genetic switches (such as the insect hormone ecdysone) can be used to control 
genes inserted into humans and animals. These gene switches can also be used in cultured cells 
or other cells. Gene switches govern whether a gene is on or off making possible precise time of 
gene activity. 

PAGE 40, LINE 20 - PAGE 43, LINE 3 

EXAMPLE 11 

MSX-1 and MSX-2 are the homeobox genes that control the generation and growth of a 
tooth. A sample of skin tissue is removed from the patient and the MSX-1 and MXS-2 
homeobox gene(s) are removed from skin tissue cells. The genes are stored in an appropriate 
nutrient culture medium. 
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BMP-2 and BMP-4 growth factors are obtained by recombinant or natural extraction 
from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

MXS-1 and MXS-2 transcription factors are obtained which will initiate the expression of 
the MXS-1 and MXS-2 homeobox genes. 

The MXS-1 and MXS-2 transcription factors, BMP-2 and BMP-4 bone morphogenic 
proteins, and MXS-1 and MXS-2 genes are added to the nutrient culture medium along with the 
living stem cells. 

EXAMPLE 12 

Example 1 1 is repeated except that the transcription factors bind to a receptor complex in 
the stem cell nucleus. 

EXAMPLE 13 

Example 1 1 is repeated except that the MXS-1 and MXS-2 transcription factors are not 
utilized. The transcription of the MXS-1 and MXS-2 homeobox genes is activated by applying 
an electric spark to the nutrient culture medium. 

EXAMPLE 14 

Example 13 is repeated except that the stem cells are starved and the transcription of the 
MXS-1 and MXS-2 homeobox genes is activated by applying an electric spark to the nutrient 
culture medium. 



-B2- 



EXAMPLE 15 

WT-1 and PAX genes are obtained from a sample of skin tissue is removed from the 
patient. The genes are stored in an appropriate nutrient culture medium. PAX genes produce 
PAX-2 and other transcription factors. 

BMP-7 and other kidney related BMP growth factors are obtained by recombinant or 
natural extraction from bone. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
The temperature of the culture medium can be varied as desired but ordinarily is between 40 and 
1 02 degrees F. 

The WT-1 and PAX genes, and BMP-7 and other kidney BMPS are added to the nutrient 
culture medium along with the living stem cells. 

A primitive kidney germ is produced. The kidney germ is transplanted in the patient's 
body near a large artery. As the kidney grows, its blood supply will be derived from the artery. 

EXAMPLE 16 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained. 

Living stem cells are harvested from the bone marrow, the blood of the patient, or from 
cell culture techniques. The stem cells are placed in a nutrient culture medium at 98.6 degrees. 
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The temperature of the culture medium can be varied as desired but ordinarily is between 40 to 
102 degrees F. 

The Aniridia transcription factor and growth factors and the Aniridia gene are added to 
the nutrient culture medium along with the living stem cells. 

A primitive eye germ is produced. The kidney germ is transplanted in the patient's body 
near the optic nerve. As the kidney grows, its blood supply will be derived from nearby arteries. 

EXAMPLE 17 

The Aniridia gene is obtained from a sample of skin tissue is removed from the patient. 
The gene(s) is stored in an appropriate nutrient culture medium. 

Aniridia transcription factor (activates expression of the Aniridia gene) and growth 
factors (function to help stem cells differentiate during morphogenesis to form an eye) are 
obtained and added to the nutrient culture medium. 

An eye germ develops. A branch of the nearby maxillary artery is translocated to a 
position adjacent the eye germ to promote the development of the eye germ. The eye germ 
matures into an eye which receives its blood supply from the maxillary artery. 

The term "cell nutrient culture" as used herein can include any or any combination of the 
following: the extracellular matrix; conventional cell culture nutrients; and/or, a cell nutrient 
such as a vitamin. As such, the cell nutrient culture can be two-dimensional, three dimensional, 
or simply a nutrient, and is useful in promoting the processes of cellular dedifferentiation, 
redifferentiation, differentiation, growth, and development. 
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PAGE 44, LINES 12- 13 

An organ, as used herein, consists of two or more kinds of tissues joined into one 
structure that has a certain task. 

PAGE 48, LINES 13- 15 

In the example above, if germinal cells (and in some cases, stem cells) are utilized a 
direct differentiation and morphogenesis into an organ can occur in vivo, ex vivo, or in vitro. 

PAGE 53, LINE 1 - PAGE 56, LINE 25 

EXAMPLE 18 

A 36 year old Caucasian male experiences pain in his left leg. A medical examination 
reveals a damaged one inch long section of a large artery in his left leg. The examination also 
reveals that this damaged section of the artery is nearly completely clogged with plaque and that 
the wall of the artery is weakened. The weakening in the arterial wall makes attempting to clean 
out the artery risky and also makes it risky to attempt to insert a stent in the artery. 

Recombinant cDNA encoded to combine with a cell ribosome to produce the human 
growth factor VEGF is assembled into a eukaryotic expression plasmid. The recombinant cDNA 
is from cDNA libraries prepared from HL60 leukemia cells and is known to cause the growth of 
arteries. The plasmid is maintained at a room temperature of 76 degrees F. 

The clones are placed in 1.0 milliliters of a normal saline carrier solution at a room 
temperature of 76 degrees F to produce an genetic carrier solution. The genetic carrier solution 
contains about 250 ug of the cDNA clones. A nutrient culture can, if desired, be utilized in 
conjunction with or in place of the saline carrier. Each clone is identical. If desired, only a 
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single clone can be inserted in the normal saline carrier solution. The saline carrier solution 
comprises 0.09% by weight sodium chloride in water. A saline carrier solution is selected 
because it will not harm the DNA clone. 

Two sites are selected for injection of the genetic carrier solution. While the selection of 
sites can vary as desired, the sites are selected at the lower end (the end nearest the left foot of 
the patient) of the damaged section of the artery so that the new arterial section grown can, if 
necessary, be used to take the place of the damaged section of the artery in the event the 
damaged section is removed. 

The first site is on the exterior wall of the artery on one side of the lower end of the 
damaged section of the artery. A containment system is placed at the first site. 

The second site is inside the wall of the artery on the other side of the lower end of the 

artery. 

The genetic carrier solution is heated to a temperature of 98.6 degrees F. 0.25 milliliters 
of the genetic carrier solution is injected into the containment system at the first site. 0.25 
milliliters of the genetic carrier solution is injected at the second site inside the wall of the artery. 
Care is taken to slowly inject the genetic carrier solution to avoid entry of the solution into the 
artery such that blood stream will carry away the cDNA in the solution. 

After two weeks, an MRI is taken which shows the patient's leg artery. The MRI reveals 
new growth at the first and second sites. 

After four weeks, another MRI is taken which shows the patient's leg artery. The MRI 
shows that (1) at the first site a new artery is growing adjacent the patient's original leg artery, 
and (2) at the second site a new section of artery is growing integral with the original artery, i.e., 
at the second site the new section of artery is lengthening the original artery, much like inserting 
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a new section of hose in a garden hose concentric with the longitudinal axis of the garden hose 
lengthens the garden hose. 

After about eight to twelve weeks, another MRI is taken which shows that the new artery 
growing adjacent the patient's original artery has grown to a length of about one inch and has 
integrated itself at each of its ends with the original artery such that blood flows through the new 
section of artery. The MRI also shows that the new artery at the second site has grown to a 
length of one-half inch. 

In any of the examples of the practice of the invention included herein, cell nutrient 
culture can be included with the gene, the growth factor, the extracellular matrix, or the 
environmental factors. 

In any of the examples of the practice of the invention included herein, the concept of 
gene redundancy can be applied. For example, the Examples 1 to 14 concerning a tooth list the 
genes MSX-1 and MSX-2. These genes differ by only two base pairs. Either gene alone may be 
sufficient. A further example of redundancy occurs in growth factors. Looking at the Examples 
10 to 14, BMP4 or BMP2 alone may be sufficient. Redundancy can also be utilized in 
connection with transcription factors, extracellular matrices, environmental factors, cell nutrient 
cultures, physiological nutrient cultures, vectors, promotors, etc. 

One embodiment of the invention inserts genetic material (gene, growth factor, ECM, 
etc.) into the body to induce the formation of an organ. Similar inducing materials inserted ex 
vivo into or onto a living cell in an appropriate physiological nurturing environment will also 
induce the growth of an organ. The VCSEL laser allows early detection in a living cell of a 
morphogenic change indicating that organ formation has been initiated. With properly timed 
transplantation, organ growth completes itself. 



-B7- 



During the ex vivo application of the invention, a gene and/or growth factor is inserted 
into a cell or a group of cells; an ECM or environmental factor(s) are placed around and in 
contact with a cell or group of cells; or, genetic material is inserted into a subunit of a cell to 
induce organ growth. An example of a subunit of a cell is an enucleated cell or a comparable 
artificially produced environment. In in vivo or ex vivo embodiments of the invention to induce 
the growth of an organ, the genes, growth factors, or other genetic material, as well as the 
environmental factors or cells utilized, can come from any desired source. 

EXAMPLE 19 

Genetically produced materials are inserted in the body to cause the body to grow, 
reproduce, and replace in vivo a clogged artery in the heart. This is an example of site-specific 
gene expression. A plasmid expression vector containing an enhancer/promoter is utilized to aid 
in the transfer of the gene into muscle cells. The enhancer is utilized to drive the specific 
expression of the transcriptional activator. After the enhancer drives the expression of the 
transcriptional activator, the transcriptional activator transactivates the muscle/artery genes. 
Saline is used as a carrier. Cardiac muscle can take up naked DNA injected intramuscularly. 
Injecting plasmid DNA into cardiac (or skeletal) muscle results in expression of the transgene in 
cardiac myocytes for several weeks or longer. 

Readily available off-the-shelf (RAOTS) cDNA clones for recombinant human 
VEGF165, isolated from cDNA libraries prepared from HL60 leukemia cells, are assembled in a 
RAOTS expression plasmid utilizing 736 bp CMV promoter/enhancer to drive VEGF 
expression. Other RAOTS promoters can be utilized to drive VEGF expression for longer 
periods of time. Other RAOTS recombinant clones of angiogenic growth factors other than 
VEGF can be utilized, for example, fibroblast growth factor family, endothelial cell growth 
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factor, etc. Downstream from the VEGF cDNA is an SV40 polyadenylation sequence. These 
fragments occur in the RAOTS pUC118 vector, which includes an Escherichia coli origin of 
replication and the Beta lactamase gene for ampicillin resistance. 

The RAOTS construct is placed into a RAOTS 3 ml syringe with neutral pH physiologic 
saline at room temperature (or body temperature of about 37 degrees C). The syringe has a 
RAOTS 27 gauge needle. 

Access to the cardiac muscle is gained by open heart surgery, endoscopic surgery, 
direction injection of the needle without incision, or by any other desired means. The cardiac 
muscle immediately adjacent a clogged artery is slowly injected with the RAOTS construct 
during a five second time period. Injection is slow to avoid leakage through the external 
covering of muscle cells. About 0.5 ml to 1.0 ml (milliliter) of fluid is injected containing 
approximately 500 ug phVEGF165 in saline (N=18). The readily available off-the-shelf cDNA 
clones cause vascular growth which automatically integrates itself with the cardiac muscle. 
Anatomic evidence of collateral artery formation is observed by the 30 th day following injection 
to the RAOTS construct. One end of the artery integrates itself in the heart wall to receive blood 
from the heart. The other end of the artery branches into increasing smaller blood vessels to 
distribute blood into the heart muscle. Once the growth of the new artery is completed, the new 
artery is left in place in the heart wall. Transplantation of the new artery is not required. 

Blood flow through the new artery is calculated in a number of ways. For example, 
Doppler-derived flow can be determined by electromagnetic flowmeters (using for example, a 
Doppler Flowmeter sold by Parks Medical Electronic of Aloha, Oregon) both in vitro and in 
vivo. RAOTS external ultrasound gives a semiquantitative analysis of arterial flow. Also, 
RAOTS angiograms or any other readily available commercial devices can be utilized. 
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VEGF gene expression can be evaluated by readily available off-the-shelf polymerase 
chain reaction (PCR) techniques. 

If controls are desired, the plasmid pGSVLacZ containing a nuclear targeted Beta- 
galactosidase sequence coupled to the simian virus 40 early promoter can be used. To evaluate 
efficiency, a promoter-matched reporter plasmid, pCMV Beta (available from Clontech of Palo 
Alto, California), which encodes Beta-galactosidase under control of CMV promoter/enhancer 
can be utilized. Other RAOTS products can be utilized if desired. 

EXAMPLE 20 

A patient, a forty year old African-American female in good health, has been missing 
tooth number 24 for ten years. The space in her mouth in which her number 24 tooth originally 
resided is empty. All other teeth except tooth number 24 are present in the patient's mouth. The 
patient desires a new tooth in the empty "number 24" space in her mouth. 

A full thickness mucoperiosteal flap surgery is utilized to expose the bone in the number 
24 space. A slight tissue reflection into the number 23 tooth and number 25 tooth areas is carried 
out to insure adequate working conditions. 

A Midwest Quietair handpiece (or other off-the-shelf handpiece) utilizing a #701 XXL 
bur (Dentsply Midwest of Des Plaines, Illinois) (a #700, #557, #558, etc. bur can be utilized if 
desired) is used to excavate an implant opening or site in the bone. The implant opening is 
placed midway between the roots of the number 23 and number 25 teeth. The opening ends at a 
depth which is about fifteen millimeters and which approximates the depth of the apices of the 
roots of the number 23 and number 25 teeth. Care is taken not to perforate either the buccal or 
lingual wall of the bone. In addition, care is taken not to perforate or invade the periodontal 
ligament space of teeth numbers 23 and 25. 



-B10- 



An interrupted drilling technique is utilized to avoid overheating the bone when the 
#701 XXL bur is utilized to form the implant opening. During a drilling sequence, the drill is 
operated in five second increments and the handpiece is permitted to stall. Light pressure and a 
gentle downward stroke are utilized. 
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EXAMPLE 36 

Example 18 is repeated except that the patient is a 55 year old Caucasian male, and the 
genetic carrier solution is injected into two sites in the coronary artery of the patient. The first 
site is on the exterior wall on one side of the artery. The second site is inside the wall of the 
artery on the other side of the artery. A section of the artery is damaged, is partially blocked, and 
has a weakened wall. The first and second sites are each below the damaged section of the 
artery. Similar results are obtained, i.e., a new section of artery grows integral with the original 
artery, and a new section of artery grows adjacent the original artery. The new section of artery 
has integrated itself at either end with the original artery so that blood flows through the new 
section of artery. 
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EXHIBIT C 

CLAIMS 
APPLICATION SERIAL NO. 09/836,750 



Claim 236 



Claim 238 



Claim 239 



Claim 243 



Claim 244 
Claim 245 

Claim 246 
Claim 247 

Claim 248 
Claim 249 
Claim 250 



A method of growing a new portion of a pre-existing heart comprising 
the steps of placing a growth factor in a body of a human patient and 
growing new cardiac muscle and growing a new artery in said heart. 
The method of claim 236, further comprising repairing a dead portion 
of said heart. 

The method of claim 236, further comprising repairing a damaged 
portion of said heart. 

The method of claim 236, wherein said growth factor comprises a 
member selected from the group consisting of cells, cellular products, 
and derivatives of cellular products. 

The method of claim 243, wherein said growth factor comprises a cell. 
The method of claim 244, wherein said cell is multifactorial and non- 
specific. 

The method of claim 245, wherein said cell comprises a stem cell. 
The method of claim 236, wherein said growth factor is placed in said 
patient by injection. 

The method of claim 247, wherein said injection is intravenous. 
The method of claim 247, wherein said injection is intraluminal. 
The method of claim 247, wherein said injection is intramuscular. 
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Claim 251 



Claim 252 



Claim 253 



Claim 257 



Claim 258 



Claim 259 



Claim 260 



Claim 261 



Claim 262 



Claim 263 



Claim 264 



The method of claim 236, wherein said growth factor is placed in said 
patient by a carrier. 

The method of claim 251, wherein said carrier comprises an 
angioplasty balloon. 

The method of claim 236, wherein said growth factor comprises a 
gene and a cell. 

The method of claim 236, wherein said growth factor is locally 
placed in said body. 

The method of claim 238, wherein said growth factor is locally placed 
in said body. 

The method of claim 239, wherein said growth factor is locally 
placed in said body. 

The method of claim 243, wherein said growth factor is locally 
placed in said body. 

The method of claim 236, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 238, wherein said growth factor comprises living 
stem cells harvested from bone marrow. 

The method of claim 239, wherein said growth factor comprises 
living stem cells harvested from bone marrow. 
A method of growing a new portion of a pre-existing heart comprising 
locally placing a growth factor comprising a stem cell in a body of a 
human patient to grow new cardiac muscle in said heart. 
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Claim 265 



Claim 266 



Claim 267 



Claim 268 



Claim 269 



Claim 270 



Claim 271 



Claim 272 



Claim 273 



Claim 274 



Claim 275 



The method of claim 264, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 264, wherein said stem cell comprises living 
stem cells harvested from bone marrow. 

The method of claim 266, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 262, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 263, wherein said stem cell is placed in said 
patient by injection. 

The method of claim 258, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said dead portion of said heart. 
The method of claim 259, wherein said growth factor comprises a cell 
and said cell is placed adjacent to said damaged portion of said heart. 
The method of claim 265, wherein said stem cell is injected into said 
heart. 

The method of claim 267, wherein said stem cell is injected into said 
heart. 

The method of claim 238, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
The method of claim 239, wherein said growth factor comprises a cell 
and said cell is placed in said body by intravenous injection. 
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The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by intraluminal injection. 

The method of claim 238, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 239, wherein said growth factor comprises a cell 

and said cell is placed in said body by an angioplasty balloon. 

The method of claim 236 further comprising determining blood flow 

through said newly grown artery. 

The method of claim 238 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 239 further comprising determining blood flow 
through said newly grown artery. 

The method of claim 236 further comprising observing said newly 
grown artery. 

The method of claim 238 further comprising observing said newly 
grown artery. 

The method of claim 239 further comprising observing said newly 
grown artery. 
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Claim 286 



Claim 287 



Claim 288 



Claim 289 



Claim 290 



Claim 291 



Claim 292 



Claim 293 



A method of repairing a dead portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said dead portion; 
forming a new artery in said heart, thereby causing said dead portion 
of said heart to be repaired. 

The method of claim 286, wherein said stem cells are placed by 
injection. 

The method of claim 286, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 286, wherein said stem cells are placed by an 
angioplasty balloon. 

A method of repairing a damaged portion of a pre-existing heart 
comprising the steps of placing stem cells adjacent said damaged 
portion; forming a new artery in said heart, thereby causing said 
damaged portion of said heart to be repaired. 

The method of claim 290, wherein said stem cells are placed by 
injection. 

The method of claim 290, wherein said stem cells are placed by 
intraluminal administration. 

The method of claim 290, wherein said stem cells are placed by an 
angioplasty balloon. 
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